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OBSERVATIONS ON PREGNANCY, PARTURITION, AND POST- 
NATAL BEHAVIOR IN THE BOTTLENOSE DOLPHIN 


By Arruur F. McBrive! anp Henry KrirziEer? 


The observations reported in this paper were made during the interval 1939 
1950, at Marine Studios, Marineland, Florida. Four species of dolphins (the 
bottlenose dolphin, Tursiops truncatus Montagu, the long-snouted dolphin, 
Stenella plagiodon Cope, the common dolphin, Delphinus delphis (Linnaeus), and 
the pilot whale, Globicephala brachyptera Cope) have been exhibited at that in- 
stitution under conditions somewhat simulating the natural environment. The 
data represent an accumulation of what may be termed incidental observations, 
the nature of the exhibit rendering experimental control impossible. The dolphins 
are shown in 4 circular tank, seventy-five feet in diameter and about fifteen feet 
deep at the center. Glass windows looking in from corridors in the wall permit 
observation of what transpires beneath the water surface. In a few instances, 
observations were made on specimens in isolation, furnishing evidence which in 
many cases corroborated deductions based on data gathered from the large tank. 

Pregnancy in cetaceans has been under human observation for some time, most 
of the material being studied on whaling ships and at whaling stations. A few 
critical morphological studies of placentation and pregnancy in small cetaceans 
have been reported. A brief note on parturition in the harbor porpoise, Phocaena 
phocoena, was published in 1914 (James, Proc. Zool. Soc. London, 1914: 1061-2). 
This was a stillbirth which took place in the Brighton Aquarium, England. But, 
as far as we know, it is only at Marine Studios that living cetaceans have been 
under continuous observation during pregnancy, parturition, and postnatal de- 
velopment. 

Pregnancy.—Six pregnancies which terminated in abortions or in stillbirths 
and five which resulted in the birth of normal young have come under our ob- 
servation. In three of the latter, conception took place in captivity. Two of the 
normal dolphins conceived in captivity were borne by the same parent, the in- 
terval between these births being two years. One of the successful pregnancies is 
known to have been the first of the mother concerned, since she was less than 


half grown and probably only recently weaned when captured. Comparing the 
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size of this female at capture with that of young dolphins of known age, if eems 
very likely that the female bottlenose dolphin becomes sexually mature at fou 
years of age, and may bear her first infant in the spring of her fifth year. Ever, 
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We have observed false labor in one dolphin; this phenomenon occurred re- 
peatedly over a period ol several davs. about seven eeKS before delivery act ially 
took place. It was characterized by straining and distension of the vulva in ex 


actly the same manner in which these occur in parturition This animal was 


ing her second pregnancy initiated in captivity 


From what we have observed, it may be said that until the pregnancy of the 


captive bottlenose dolphin has run at least half its course, the behavior of the 
mother is not to be distinguished from that of other individuals. But, as term ap- 


} 


proaches, although it may yet be four months distant, there develops in her a 


definite tendency to w ithdraw from association with others, as much as the limits 
of the tank permit. In the spring of 1950, one of us kept two pregnancies under 
close watch. These dolphins spent most of their time swimming around the periph- 
ery of the tank side by side, or at least very close together. These two individuals 
had not previously been close companions since there was a considerable gap in 
their probable ages. One was at least seven years old and the other between four 
and five. This segregation from the others, which consisted of one adult male, 
two other adult females, and three immature specimens of 7. truncatus, and an 
adult male Stenella plagiodon, was not absolute, as occasional participation in 
communal play was observed. But the general pattern of swimming together, 


apart from the others, was noted regularly. Both individuals had long before 
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to jump from the water to accept fish from the hand of 
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lation took place that the mother began swimming rapidly about the tank. 
During this period, which lasted 29 minutes, the fetus seemed to be hung up by 
its left pectoral fin. When the flipper was freed, the birth was further delayed as 
the mother continued to swim about in an excited manner, the fetus hung by its 
head only and the umbilical cord stretched taut. When the fetus was finally ex- 
pelled it was quickly retrieved by a diver and, although it never moved, its heart 
beat could be detected for several minutes. 

In every birth observed by us, the instant the fetus fell free, the mother whirled 
about face. This was interpreted at first as an effort on the part of the parent to 
sever the umbilical cord by biting it as do many terrestrial mammals. That this 
is probably an incorrect evaluation is shown by the fact that the cord has always 
broken within four inches of the body of the fetus when not more than two or 
three inches of the placental end yet protruded from the vagina. Further, the 
adult dolphin cannot flex its body enough to bring its snout to its pelvic region. 
It seems likely that this whirl about-face serves to induce the cord to break as the 
freed fetus dangles on it, and to bring the mother into position where she can 
help the infant to the surface should assistance be necessary. In several of the 
stillbirths, the parents actually attempted to raise their dead young to the sur- 
face. When one stillborn infant sank to the bottom, the mother endeavored to 
raise it by grasping a pectoral fin with her jaws. In passing, it should be mentioned 
that we have seen a mother dolphin try to raise her dead, six-month-old infant 
from the bottom by grasping at its body with her pectoral fins. 

The first normal birth was made manifest several days before parturition 
by the withdrawal of the parent from intimate association with the other oc- 
cupants of the tank. Distension of the genital orifice was noted occasionally dur- 
ing this preliminary period 

Parturition began on February 26, 1947, at 1:05 p.m. The mother remained 
at the south side of the tank, swimming against the current only enough to 
maintain her position. It may be mentioned that the south side of the tank with 
its winter shadow affords as much seclusion as possible since the dolphins or- 
dinarily spend most of their time in the sunlit northern portion. The mother’s 
tail drooped much as it would if she were sleeping near the surface. Frequent 
spasmodic contraction of the abdominal musculature and distension of the vulva 
were exhibited. At times, her mouth opened as though she were yawning. A 
peculiar barking sound, seldom heard in the tank, was repeatedly noted. 

The tail of the fetus appeared seven minutes later after a violent distension of 
the vulva. The dorsal surface of the distal end of the peduncle appeared first 
and the flukes, which are folded ventrally in utero, immediately followed. The 
fetus lay on its right side, its sagittal plane perpendicular to that of its mother. 
The tail of the fetus hung motionless. The vaginal distensions and abdominal 
contractions continued, a little more of the fetal tail appeared with each. The 
tail was withdrawn a bit, however, each time the mother relaxed. Relaxation be- 
tween spasms lasted only half a minute or less. The entire fetal tail had appeared 
by 1:20 p.m. 


At 1:22 p.m., the delivery entered what may be termed the critical phase. 
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The mother had then to expell the fetal trunk with its three appendages, the 

pectol! ls and the dorsal fin. The latter, soft at birth in every case observed by us, 

s folded to the right. The force exerted upon the fetus by abdominal contrac- 

tion was then increased to such an extent that the mother’s body was flexed up- 

vith the tail elevated almost vertically. Her swimming movements were 

still restricted to the minimum necessary to oppose the circular current of the 
tank. All other exertion seemed directed toward extrusion of the fetus. 

The other dolphins seemed much interested in the proceedings and frequently 
one or another would examine the mother closely. This seemed not to disturb 
her, a fact distinctly at variance with what was observed in the stillbirths. Dur- 
ing the last six minutes of parturition, repetition of the violent spasmodic dorsal 
flexure of the parental trunk resulted in the sliding in and out, several times, of 
the entire fetal trunk. 

At 1:28 p.m., a powerful convulsion occurred and the body of the infant (a 
female fell free A cloud ol blood (probably very little blood is lost; rapid dif- 
fusion in the swirling water creates an illusion of serious hemorrhage where there 
is none) obscured the view for a few seconds. But the mother made the character- 
istic whirl about-face as the cord snapped about two inches from the infant’s 
body. Blood flowed from the infant’s umbilical cord for a few seconds and then 
stopped abruptly. By this time the newborn dolphin had already reached the 
surface and breathed 

The second live bottlenose dolphin born at Marine Studios was conceived in 
ity. The birth took place on April 23, 1948. The period of labor consumed 
only twenty-one minutes, and in no particular did the delivery differ materially 
from that of the preceding year. The infant born on this occasion was a male, 
which was accidentally killed when it was six months old. 

On May 8, 1949, a bottlenose dolphin which had been captured only four days 
efore bore a male infant, not in the large tank in which the previous births had 
taken place, but in a shallow receiving tank. The closer confinement imposed on 
this animal made possible a more detailed examination of the events which are 
about to be described. The birth was markedly different from the first two in 
several respects 


When the mother was caught and placed in the receiving tank it was evident 
that she was very close to term. Two others, a young female bottlenose and a 
mature male long-snouted dolphin, shared the tank with her. This enclosure 
measured twenty by forty feet and the water was about four feet deep. The young 
female bottlenose, which was also newly captured, was apparently not fully 
weaned for she attempted repeatedly to nuzzle the teats of the pregnant adult. 
In passing, it should be noted that these dolphins were taken on different days 
and were probably not mother and daughter. It seemed quite likely that the 
adult was in milk at least four days before the birth took place. 

Few hopes were entertained for a successful delivery, since several of the earlier 
stillbirths had evidently been caused by damage due to handling during capture 
of the mothers. The prognosis became even less favorable when, two days before 
the birth, an accident in an adjacent tank made necessary the complete draining 
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of the receiving tank, leaving the three dolphins lying on the bare bottom. The 
tank was refilled after about an hour. 

The beginning of labor was announced at 7:15 a.m. by the pregnant dolphin 
repeatedly raising her tail and whacking the water surface with her flukes. This 
behaviorism was not seen in the two previous births. Similar behavior has been 
frequently noted in wild dolphins as they feed, the maneuver being interpreted 
as a means of frightening the prey. It is possible that it is used by dolphins in 
labor as a means of frightening away potential enemies such as sharks, although, 
in the present case, it may have been only incidental to the raising of the tail 
from the shallow tank as the mother strained to expell the fetus. At 7:25 a.m. 
the tip of the fetal peduncle and the flukes appeared. No further progress in 
delivery was achieved until 8:00 a.m. when a little more of the peduncle was in 
evidence. Throughout this period the mother swam ceaselessly, never stopping 
in one position as had the two referred to above. Because of the close confine- 
ment, the course was a circle of small diameter, always to the left. At 8:00 a.m 
a pronounced bulge appeared on the left side of the mother’s abdominal wall, 
suggesting that the fetus was straightening out in the uterus. At 8:02 a.m. four 
inches of the peduncle protruded from the vulva, and the bulge disappeared 
All the while the unweaned bottlenose continued to nuzzle the nipples or the 
edges of the mother’s genital orifice. The entire peduncle of the fetus was in 
evidence six minutes later. The fetal orientation was with planes parallel to those 
of the mother. At 8:13 a.m. the body of the fetus rotated ninety degrees to the 


right. The mother continued circling, occasionally lifting the flukes high and 


bringing them down with great force on the surface. At 8:16 a.m. she strained 


in this manner with unusual effort, but without evident effect 

At 8:40 a.m. the posterior portion of the fetal trunk appeared. The inguinal 
region was then visible, permitting identification of the fetus as a male. It bulged 
consplk uously, this, no doubt, being due to the force exerted | y abdominal and 
uterine contractions. The orientation remained 


right side. During the next seventeen minutes the mother stretched and strain 


. 
the same, the fetus lying on its 


with renewed vigor, without further extruding the fetus. At 8:59 a.m. the mothe 
stretched and gently rubbed her pelvic region on the bottom. When she relaxed, 
all but the fetal tail slid back into the vagina. Two minutes later the mother rose 
to the surface, took a aeep breath, and strained with her diaphragm. At the end 
of this spasm the breath was expelled with a prodigious snort. The posterior po! 


tion of the fetal trunk reappeared The mother again slay 


yped the surface with he 
flukes 

At 9:06 a.m. the belly of the infant began to show. The dorsal fin, however 
limp, was apparently delaying delivery. At 9:08 a.m. the mother strained with 
her diaphragm at the surface again, this time achieving expulsion of the dorsal 
fin which passed from the vulva at 9:10 a.m. At 9:12 a.m. the infant fell fre 
The umbilical cord snapped spontaneously with only a trifling loss of blood 


.] 
i 


The mother whirled as the infant rose to the surface to take its first breath 


Neither of us was present to observe the fourth and fifth normal T'ursiops 
births which occurred in May, 1950. 
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Day 


dorsal fins. The second Tursiops born in captivity was spared probable injury 
incident to savage attacks inflicted on the mother by the sexually aroused males 

this birth having occurred during the height of the mating season. In the con- 
fusion, it chose as a guidon, not its mother’s dorsal fin, but that of a young male 
Stenella plagiodon. Each time an attack occurred, the long-snouted dolphin 


dashed away, fortuitously leading the infant to safety. When each fracas sul 


sided, the mother sought out the infant and nosed it away from the long-snouted 
dolphin. The first infant born in the large tank was not so fortunate, and sustained 
bruises and superficial lacerations before the males were quieted by dosing theit 
food fish with paraldehyde. 

When the third infant was just one week old, he and his mother were trar 


ferred to the large tank. The young animal was herded through the intervening 
gate without difficulty, but the mother strongly resisted, apparently because she 
was reluctant to pass under the walkway over the gate. So the infant found hin 
self in company with a number of strange dolphins for some minutes before he was 
joined by his mother. By chance, he selected the immature female which was 
born two years before as the dolphin to follow. She, apparently startled by thi 
novel situation, fled around the periphery of the tank for a minute or two at t¢ 

| 
infant seemed to have no difficulty in keeping pace with her. When the mothe: 
entered the tank, she joined her infant only to be whisked away from him, su 
rounded by all the other dolphins It was then that we witnessed a behavior pat 


speed, which for this species may exceed twenty miles per hour. The week-old 


tern which, if it is typical of young dolphins who suddenly find themselves se] 
rated from their mothers, has definite survival value. The infant began circling 
rapidly , at the surface, about a diameter of roughly six feet, in exactly the positio!r 
at which he was last in contact with his mother. All the while he whistled, pausit 
in this only to exchange breaths. The circling and whistling did not cease until 
his mother found him. 

As we have mentioned in the foregoing, the mother of a newborn infa1 ill 
almost invariably be assisted in its care and protection by another mature femal 
The mother of a stillborn infant may be thus aided in her efforts to raise it to the 
surface. The helping female will share with the mother the responsibility of 
warding off attacks by adult males, if these occur. This solicitude for the safety 
of the offspring, shown by females other than the mother, persists for several 
weeks after birth. Whenever excitement is evoked, as, for example, when a nev 
large specimen of any sort is introduced into the tank, all the dolphins usuall; 
swim rapidly around the tank in tight formation. The mother, the infant, and the 
assisting female find themselves in the center of this assemblage 

An example of the concern with which the mother cares for the infant was 
exhibited in the case of the male born in the receiving tank, which, as we have 
seen, is equipped with a walkway over the gate at either end. When the infant 
was but thirteen minutes old, it swam under one of these overpasses. The mothe 
darted under and, with her snout, guided him back into the center opening 
Although the two were not watched continuously during the ensuing week, they 


were under our observation enough so that we may conclude that the young 
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lolphin was not again permitted to venture under the walkways. Each time he 


n to approach one, the mother dipped under him and, rising, flipped him 


from the apparent danger with her snout. Nor was he permitted by his 

nother to approach the tank wall, against which he collided just once, when he 
hes f _ ol 

The infant bo in 1947 st ted searching for her mother’s teats one and a 

rter hours post partum. The object of search was found thirty-two minutes 

ter, and nursing proceeded. Four hours elapsed before the 1948 male began to 


seek nourishment, but he found a nipple in fifteen minutes. The 1949 specimen 
rted to investigate his mother’s inguinal region only nine minutes after birth, 
nursed for the first time four hours later. He would probably have nursed 
sooner were it not for the fact that the half-weaned female referred to above in- 
terfered with hi progress 
When the very young dolphin suckles the mother rolls over on one side and 
glides slowly during the few seconds which pass while the nursing takes place. 


The infant swims gently, just enough to keep pace with the parent’s momentum. 


The extruded nipple is grasped between the palate and the extended, grooved 


ue, the mouth being held slightly agape. The edges of the infant dolphin’s 
tongue are fimbriated, the fringe apparently serving to assure a water-tight seal 
Dolphin mammae pour their secretion into spacious sinuses and the contents 
of these are expelled by contraction of the abdominal musculature as soon as the 
nipple is grasped by the infant. Each suckling lasts, therefore, only a few seconds. 
\ little cloud of 
its hold 


Nursing is rather frequent during the early weeks and becomes less so as the 


milk often disseminates into the water as the infant relinquishes 


infant grows. During the first two weeks, nursing periods are spaced at intervals 
of ten to sixty minutes with an average of twenty-six minutes. During each pe- 
riod, the infant may suckle only once, or as many as nine times. It may either rise 
to the surface to breathe between sucklings, or it may try each of the two nipples 
before taking another breath. The mother may not necessarily roll over on her 
side to accomodate the very young infant as it suckles, but if she does so, this is 
dispensed with after the second week and the infant is forced to roll from then on. 

Postnatal behavior of the infant.—During the first month, the infant dolphin 
stays very close to the mother. When the two swim, the young one takes position 
beside and slight], ibove the parent. The first trend away from this pattern is 
shown by the tendency of the infant to swim about its mother’s head, rubbing 
its body on her. This maneuver is reminiscent and possibly prophetic of the 
manner in which offshore and pelagic dolphins play about the bows of ships. 
We have seen adult bottlenose dolphins play in this manner about right whales, 
Eubalaena glaciaiz: 

When the mother sleeps, the infant usually takes position under her tail, the 
top of its head just touching the posterior extremity of her abdomen. McBride 
and Hebb (Jour. Comp. Physiol. Psych., 41: 111-23, 1948) have described a 
sleeping attitude which was in general use in the tank at the time at which their 


observations were made. Since then, this sleeping at or near the surface has given 
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Yet another play pattern involved use of the jets, which are blasts of new sea 
water forced under great pressure into the tank from nozzles situated near the 
bottom. The same young dolphin was frequently seen to thrust his snout into 
one of these blasts from the side, there to release a feather which he would then 
chase as it was carried away by the current. 

This was elaborated upon by the 1947 female at the age of three years. She 
would release a feather into the eddy adjacent to the jet and then back away 
and wait, with her mouth open, to catch the feather as soon as it passed into 
the current and was swept to her. 

It may be said that the young dolphins are sexually very precocious. Attempts 
at copulation with older animals of either sex occur at any age from six weeks 
onward. Masturbation is frequent, particularly in females of any age. Anomalous 
sexual behavior is very common in confined animals, and it is open to questior 
whether or not the sexual precociousness exhibited by the young dolphins is 
merely a manifestation of their tendency to imitate anything they see the olde: 
animals do. 

The 1947 female showed signs of functional sex interest at three years, but 
it seems likely that she will not be ready to initiate a pregnancy until the spring 
of her fourth vear. 

The 1947 female did not begin to show interest in solid food until she was eleven 
months old. This was first shown by her taking a food fish and playing with it, 
either by mouthing it under water, or by throwing it into the air, for hours at : 
time. When she first swallowed a fish is not known, but she was eating a few each 
day after her twelfth month. She did not cease nursing altogether until she was 
eighteen months old. This was fortunate, for at fourteen months she was stricken 
with food poisoning due to spoiled fish and for a period of two weeks subsisted 
on milk only. The 1948 male, which was killed accidentally at six months of age, 
had not yet begun to show interest in solid food. The 1949 male began to eat 
small bits of squid (which were not available to the preceding two infants at 
corresponding age) when he was but five months old. At six months he was eat 
ing one or two whole squid (Loligo) daily. He began to play with food fish at 
eight months. 

Discussion.—We have never seen a functional mating. Much homosexual 
copulation between males has been observed and we have frequently seen hetero- 
sexual copulations, the male of such pairs invariably being immature—probably 
too young to initiate a pregnancy. Four pregnancies—one of them a failure 
were commenced in the tank. The matings which generated these pregnancies 
were probably performed at night. McBride and Hebb have alluded to the fact 
that when there is more than one adult male in the tank, matings cannot ap- 
parently take place during the day because of competition. The two infants born 
in May, 1950, were carried by the only two females which were receptive during 
the preceding spring. That these births took place thirteen months after the 
adult male population in the tank was reduced to one individual seems rather 
significant. The presence in the tank of one adult male and several adult females 


and their young seems more closely to approximate the situation which exists 
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in the wild. On many occasions we have seen small groups of bottlenose dolphins 
enter the estuaries with the rising tide. These groups almost always consist of a 
single adult male and three to five adult females, some of which may be followed 
by young in their first or second year. It is quite easy to determine the sex of wild 
bottlenose dolphins by the shape of the dorsal fin. It seems probable, therefore, 
that the basic social unit in T'ursiops is a family of this sort, and that normal preg- 
nancies will occur more regularly in the tank at Marine Studios as long as this 
pattern is adhered to. 

As we have seen, the height of sexual activity in the captive dolphins occurs 
in April. During that month in 1949, the three male bottlenose dolphins fought 
with such viciousness that the life of a young pilot whale, then in the tank, was 
considered in peril. It was for that reason that two of the males, one of which 
vas quite old, were released. If the pregnancies resulting in the two normal births 
which took place in 1950 were not initiated by the remaining male, then the ges- 
ation period of 7’. truncatus exceeds thirteen months. If they were commenced 
by matings with the remaining male, it is more than likely that these took place 
in late April or early May, which would point to a gestation period of at least 


velve months. 


Whether gestation consumes eleven, twelve, or thirteen months is not so im- 
portant as the fact that it is relatively long for carnivorous mammals. The large 
herbivorous mammals usually have long pregnancies, and the adaptive signifi- 
cance is the same as in the case of the dolphin. The young ungulate must, within 


1 short time after birth, be able to follow its parent as she moves from one pas- 


ture to another. The young dolphin, unlike the terrestrial carnivore which may 
lie helpless in a den or hollow tree, must be able to swim with its mother from the 
instant of birth. The long period of gestation, then, carries the dolphin far enough 
along in its development to be able to survive 

[t is not known how long dolphins live. The answer to this question may even- 
tually be obtained at Marine Studios, since there are in its tank several dolphins 
of known age. It seems highly improbable that they will prove to be character- 
ized by great longevity. It is difficult to see how an organism with as high an 
energy demand as that of a dolphin could survive for very many years. Yet dol- 
phins cannot be said to be characterized by a high reproductive rate, since they 


apparently do not attain sexual maturity at an age comparable to that of terres- 
trial carnivores, and, as seems to be the rule among Odontocetes (see Slijper, 
Bijdr. t. d. Dierk., 28: 416-48, 1949), they are uniparous. Furthermore, we have 
not yet seen a single female produce young at an interval of less than two years. 
It is possible that in the wild state the bottlenose dolphin may bear young every 
year, since our data show that a pregnancy may be initiated while the mother is 
still nursing her previous offspring. 

The disproportionate swelling and the appearance of movement on the left 
side of the maternal abdomen in late pregnancy, together with the bulge which 
appears suddenly on the same side during parturition, are consistent with the 
observations made by various investigators (see Slijper, loc. cit.) that implanta- 
tion in the left uterine cornu is the rule among Odontocetes. 
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breath without assistance. Mothers of stillborn infants attempted to lift thei 
young to the surface. As many as ten hours may pass before the placenta is ex 
pelled 

The newborn dolphin differs from the parent in appearance in respect to its 
large head, evident neck, soft ventrally folded flukes, and dextrally folded dorsal 
fin. Bilaterally symmetrical creases, six on a side, which are thought to be caused 
by intra-uterine folding of the fetus appear on the newborn dolphin. Vibrissae 
are present Teeth are not yet erupted. The eyes are open and, since both young 
and parent are extremely vocal, hearing is considered functional at birth. The 
infant swims expertly from the moment of birth 


The parent and other adult female dolphins show great solicitude for the pro 


1 


tection of the newborn young. The young dolphin seems to be endowed witl 
special behavior mechanisms which have survival value. Behavior which may be 
characteristic of the lost infant was observed 

Nursing commences very soon after birth and continues, in captivity, as long 
as one and one-half years. Suckling is very brief, the milk being expressed from 
mammary sinuses by musculature contraction as soon as the infant takes a nipple 

At a very early age, the infant dolphin begins to leave its sleeping mother to 
play. Cautious at first, the young one develops more and more elaborate play 
patterns as it acquires confidence. Young dolphins have proven to be susceptible 
to being trained by humans. At times, the dolphins may initiate play involving 
human participation. They become very fond of being stroked and petted. Their 
play patterns show remarkable ability to solve problems and to adapt to particu- 
lar situations, which are not likely to be encountered in the wild state. They are 
precocious, sexually. Much of their behavior seems to be imitative, but adaptibil- 


itv is also apparent. 


Received October 17, 1950. 
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THE WHITETAIL DEER OF TOMHEGAN CAMPS, MAINE, WITH 
ADDED NOTES ON FECUNDITY 


u h pa} pertain main! Ode g 1? } al 

M d her offspring at Tomhegan Camps, in the wild land township of To 
Somerset Count on the st ] ( M oosehe Lake. Maine. Other 
I dat 1 Io! he Spe i OVE co Lé rtion < i Ss range are cleaned 

literature and corresponden 

Tomhegan Cam] s built in 1913 ly hunting s allowed in the vicinity. 
\ result, a variety of wildlife became unusually tame there. Deer, mainly does 
I neir lawns, were seen out the camp cavdins al 10St every dav £ nd some 


uld be approached closely. During the first few years of the camp’s existence 


Mr. R. P. Spinney, proprietor, attempted to kill all foxes, wildeats, owls, hawks, 


rs Late1 this policy WAS ( hanged to one of no predator control. 


] othe I redat 


cept for the killing of an occasional rat or firing charge of birdshot at a mar- 
uding bear to drive it from camp. Occasionally a raccoon has to be live-trapped 
ind banished to Farm Island out in the lake. There are no fences at Tomhegan 


Camps. No animals are caged. There is considerable supplemental feeding and 
salt licks are provided 

The camp area is part of a 700-acre State Game Preserve, established in the 
early 1930’s. There are practically no year-round human inhabitants in the 
relati ely unbroken forest extending northwestward to the Canadian boundary 


} 


The rather poor and acid soil of Tomhegan Game Preserve and vicinity supports 

forest of mixed coniferous and deciduous woodland with a varied understory 
beneath the older deciduous trees. On the preserve there are two springs, several 
small brooks, and numerous boggy places; it is bordered on two sides by Moose- 
head Lake. Even in time of drought water can be found easily on the preserve. 
Around the camps on Tomhegan Point the understory and part of the forest 
overstory have been cleared and here the rocky and uneven ground supports a 
crop of grasses. There is hardly any aquatic \ egetation along the rocky shoreline 


of the point 


Since Mr. Spinney’s death Mrs. Spinney and daughter Marjorie have operated 


the camp and the latte has been especially successful in gaining the confidence 
‘ 


of various mammals. Mr. Harward W. Cram (deceased March 2 
the camp annually from 1914 on and resident there for seven months of the 


1950), a guest 


year beginning in 1927, kept notes on his observations on deer and other wildlife 
during his Stays at camp through 1949. Given below are reproductive data on 
Diana, best known of the camp’s deer 
Early in June, Warden Bert Tupper brought to Tomhegan Camps a 
aoe lawn about two days old. She was christened Diana, reared on a bottle for 
few weeks, then given con plete freedom. She soon was adopted by a wild doe 
that had frequented the camp area with her fawns for some years. The wild doe 
was known as Mother and in 1934 had one buck fawn, named Pan. For two years 


Diana and Pan were close companions 
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Loss of fawns.—No marked reactions have been noted in Diana and daughters 
when they have lost fawns, except that in 1949 Diana defended a dead fawn 
briefly as noted pre\ iously. The does come for handouts, without offspring. In 
1947 Mr. Cram found the remains of a fawn some 200 feet from his cabin and 20 
feet from the lake shore, near small firs but out in the open, a few weeks after 
the animal had disappeared. The remains consisted of a little weathered patch 
of red hair and small bones, which were not scattered; the June grass had grown 
up through them. Another time the skull of a fawn only a few days old was found 
near the same place. This locality, called the “maternity center,” is a quiet part 
of the camp grounds some distance west of the cabins and the does seem to pre- 
fer it as a place for giving birth to fawns. Even camp cows have dropped calves 
there. The trees there are fairly mature, mixed deciduous and coniferous, rather 
openly spaced and with a substantial unde rstory. 

\ctivity during estri No particular change in Diana’s behavior has been 
observed during heat. At this season bucks appear, always coming singly. On a 
number of occasions a buck has stayed about camp for several days, obviously 
interested in Diana. In 1940 a 15-point buck stayed about camp and with Diana 
November 16-20 inclusive. He showed no timidity. One of the camp guests 
approached within a few feet of him to take pictures when up went the hair on 
his withers and he appeared ready to charge if approached closer. On Novembe1 
7, 1941, and for several days thereafter, a fine 14-point buck, promptly named 
Lochinvar, came and stayed with Diana around the winter cabin. Harriet, a 
] 


yearling and the only other doe in camp at the time, was much excited by his 


presence, but | 


e was not observed to pay any attention to her. Possibly they did 
mate as Harriet fawned the following May. After several days, Diana and Loch 
disappeared for about 24 hours and she came back alone. Approximately 
200 days later (May 29, 1942) she gave birth to twins. 

In connection with the foregoing it should be noted that Nichol (1938: 30 


found that Whitetails [? O couest} in Arizona are receptive for a few hours to 


in\ a 


less than a day during one estrus period (if unbred, does have three or four pe- 
riods at 21- to 23-day intervals) and the gestation period is approximately 200 
days. For the northern whitetail in New York State, Cheatum and Morton 
(1942a; 337) mentioned a “maximum 36 hour duration of oestrus” (receptive 
one day but not the next) and observations on two does showed a recurrence of 
estrus at 28 and 29 days. The range of gestation periods which these authors 
observed in their experimental animals was 189 to 202 days, the usual period 
in the northern whitetail being 196 days or seven lunar months (E. L. Cheatum, 
personal communication). Recently Haugen and Davenport (1950) have reported 
on 13 breeding records of penned whitetails in northern Michigan, finding an 
average gestation period of 204 days (range of 197 to 207% days 

Fecundity.—As far as I am aware there are no recorded breeding data for a 
northern whitetail comparable to Diana’s. There are considerable data indicat- 
ing high fecundity in the species, as follows. 

In Missouri a tame doe [O. virginianus subsp.] gave birth to two doe fawns in 


ij S* 


1900; in 1901 she dropped two more (? sex); in 1902 there were four fawns (? 
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sex), evidently twins by this doe and singles by her 1900 offspring; by the spring 
of 1905 the herd had increased to 25 deer, “all the increase of 1 pet doe” (Rodes, 
1907: 20 

“It has been scientifically determined that one female white-tailed deer and 
her offspring in a ten-year period will produce 130 animals, and that two dozen 
does will have 3,000 descendants in the same period” (Shiras, 1923: 670). The 


data for making this statement, if any, are not known; the arithmetic is fairly 
obvious 

At Horseshoe Lake Refuge in Illinois “one buck and three does [O. virginianus 
subsp.], planted in 1933, increased to 250 in 1944’ (Leopold et al., 1947: 166). 

On the Edwin 8S. George Reserve, a fenced area of nearly 1,300 acres in Michi 
gan, two bucks and four pregnant does [O borealis Miller] were released in 
1928 and a deer drive in the fall of 1933 gave a count of 160 head (Hickie, 1937). 
Knowing the initial and final figure, the average annual rate of increase in this 
herd over six years was calculated mathematically by Kelker (1947:180) as 1.651; 
in other words, “an interest value of 65.1% compounded annually.” Kelker 

bid., 181) concluded that the fecundity of this herd averaged ‘exceedingly close 


to 2 fawns being born to each adult female in the herd.’’ 


Kelker wrote: “Such unusual reproductiveness for six consecutive seasons 
seems improbable However, if a female had only a single fawn, then the second 


one of twins must be accounted for by one of two ways—either several adult 

females had triplets, or many yearlings at the age of 12 or 13 months each gave 

birth to an offspring. Fither case is an unusual occurrence. However, the latter 

condition has been reported in New York (Cheatum and Morton, 1942). As not 

more than 6 groups of triplets were observed during this early period, and many 
; 

I 


single fawns were noted each summer, it is circumstantial evidence that such a 


high rate of increase was maintained only by some of the fawns becoming preg 
nant in the fall, and dropping an offspring the following spring or early summer.” 

Seton (1929: 258), whose remarks on fecundity were quotations from Rodes 
cited from Lantz, 1910) and Shiras, which I have cited above, stated that he 
had never heard of anyone seeing a doe actually accompanied by four fawns or 
even three. This he wrote after quoting Audubon and Bachman (1849: 226) that 

wo was the average litter in Carolina [O virginianus (Boddaert)| and that 
triplets were nearly as common as singles ther: 

At this point perhaps it is of interest to mention reports of quadruplets. Audu 
bon and Bachman (ibid.) reported four fetuses from a doe killed at Goose Creek, 
near Charleston, South Carolina. A 1949 news release from the Michigan Depart- 
ment of Conservation, datelined Traverse City, April, reported the finding of a 
dead doe with four “well developed” fetuses. In a letter of January 19, 1950, 
I. H. Bartlett of that department stated that perhaps an average of one such 
case per year is reported in Michigan, that generally one fetus is much smaller 
than the others and would die at birth or soon after, and that there are reports 
of four fawns seen with a doe. On April 26, 1949, a doe was killed by an auto at 
Chautauqua, New York; autopsy revealed ‘ four fully developed fawns in per- 


fect condition” (Hyde, 1949). A check on this report reveals that two fetuses 
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additions. A small unmeasured amount of oats is poured into one pan for ther 


at meal times. When the snow is deep, boughs, mostly of balsam firs, sometin 


are cut and left on the snow for them to feed on. When the year’s supply of wood 
is being cut in winter, the deer come running at the sound of a tree falling and 
eat the lichens (Usnea) that grow on the tree trunks and limbs. A sample of 
‘cedar moss.’ U. longissima Ach.. and of ‘birch moss.’ U’. cavernosa Tuck.. fror 
the camp area were submitted to Dr. G. A. Llano of the Division of Cryptogams 
U.S. National Museum, who identified them. The deer also have been observed 
to stand on their hind legs to reach this lichen on standing trees. The herd yards 


back of the winter cabin. 


The deer show no particular liking for the plentiful supply of grass that grows 
on the camp grounds. They are fond of the little puffballs (Lycoperdacea 
that grow on old stumps in the fall. They also are fond of beechnuts (Fagu 
grandifolia), boughs of white cedai (Thuja occidentalis), and hemlock (7'suga 
canadensis), and some lichens and mosses. The Usnea previously mentioned is 
year-round food and evidently contains something that the deer particularly 
desire. Broad-leaved plantains, Plantago major, are much sought on the camp 
grounds and are eaten very selectively. I observed that a buck fawn, Flag, at 
the age of about 50 days, ate these plantains with seeming relish, also dandelions, 
Taraxacum officinale. 

According to Mr. Cram, fawns from about their fourth day on eat a small 
amount of grass and other ground herbage. 

It is of interest that Mr. Cram very rarely saw deer, when about camp, stand 
on their hind legs to reach food. He often tried to get the tamest deer—Billy 
Elmer, and Diana—to do this by holding up sweet food, with no success 

In the summer months Billy and Elmer showed a particular fondness for young 
red maple, Acer rubrum. These bucks followed Mr. Cram when he was clearing 
trails and, having paid no attention to standing maple sprouts, they ate them 
with seeming relish once he had cut and tossed them aside. They even smelled 
twigs without leaves that he had picked and thrown off the trail into the bushes 
Mr. Cram stated: “I have frequently noticed, especially with maples, that wher 
a tree is cut down or a limb sawed off and left lying on the ground it will attract 
all deer almost immediately, and they will begin eating the leaves—though they 
let go untouched the leaves on growing trees of the same species that are within 
their reach.” 

Both Billy and Elmer had a fondness for tobacco, but none of the does have 
liked it. These two bucks were born elsewhere, reared in captivity, and probably 
developed the tobacco fondness before coming to Tomhegan. In past years few 
of Diana’s fawns took food out of a person’s hand. She reared her fawns to be 
shy of humans and it is only in late years, since she has aged and become less 
‘bossy ” that some of the fawns have begun to accept food from the hands of 
guests 

No vegetables are grown at Tomhegan Camps; it is hopeless to try to raise 
anything, even potted plants on cabin porches. The soil is poor and the animals 
get at everything. Cows did the most damage, then deer, woodchucks, and snow- 


shoe hares. Chipmunks and red squirrels dig up almost anything planted. 
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QUICK—WEASELS 


NOTES ON THE ECOLOGY OF WEASELS IN 
GUNNISON COUNTY, COLORADO 


By Horace F. Quick 


Weasels are the most widely distributed mammalian predators on the North 
American continent. Because of their numbers and their habits they must exert 
a great control on small mammal populations. Initial attempts to find a method 
of appraising this influence were begun before 1942, but were interrupted. The 
following report is on the beginning made in 1941, and subsequent studies 
through 1946. 

At opportune times during the years 1941 to 1946, observations of the habits 
of weasels in Gunnison County, Colorado, were made. This county lies on the 
Western Slope of the Rocky Mountains. It is range land of about 4000 square 
miles, and contains much high mountain country. Very little of it is below 7500 
feet in elevation. The county has within its bounds five of the life zones (Carey, 
N. Amer. Fauna, no. 2, 1917) commonly found in the western part of the United 
States. These range from the highest, the Arctic-Alpine, down through the 
Upper Sonoran. The most extensive zone is the Transition, indicators of which, 
in this county, are the sage brush and aspen types, with sparsely scattered 
Douglas fir and ponderosa pine. 

The entire county and all of the life zones within it are ranged by the long- 
tailed weasel, Mustela frenata nevadensis (Warren, The Mammals of Colorado, 
1945). This weasel was collected and observed numerous times during the period 
from which this report is made. Warren also lists the short-tailed weasel, Mustela 
erminea lepta, as occurring in this region, but it was never encountered by the 
write! 

At the beginning of the work the plan was drafted in two parts. One was to 
try to determine the food requirements of weasels, and to obtain a means of 
evaluating quantitatively the contents of droppings found in the wild. This was 
to be done with caged weasels under control and observation. The second part 
of the plan was to search for a method of calculating weasel populations. While 
doing this, scats were collected as a means of determining what prey species wild 
weasels selected. The work was begun in July, 1941. Captive animals were kept 
prior to the war period, but only the occasional collection of droppings and field 
observations was continued through the war years. This report is mainly on food 
habits as determined by scat analysis and field observations indicating some 
ecological relationships of weasels. 

Field reconnaissance of the county proved the presence of three similar muste- 
lids, the weasel, the mink, and the marten. Since the general habits of these 
animals are similar, it was necessary to ascertain means of distinguishing their 
tracks and trails. 

The tracks of weasels were observed in almost constant density from the foot- 
hills at elevations of about 7500 feet upward. Much weasel sign has been ob- 
served above timber-line at all seasons of the year. Their tracks are particularly 
noticeable on the snow of the open ranges of the Transition Zone and the Alpine 
Zone to elevations well above 12,000 feet. 
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Thus, the weasel is found in association with marten in the Canadian, Hudson- 
ian, and Alpine zones, and with the mink in the Canadian, Transition, and Upper 
Sonoran zones along water courses. It is also found over the more extensive dry 
parts of the Transition and Upper Sonoran zones, which are to a greater extent 
not inhabited by mink or marten. These three mustelids compete, to a degree at 
least, for range and prey. The adaptability of the weasel, as a species, to such 
diverse and extensive environmental conditions brings it into association with 
a large fauna vulnerable to it as prey. 

The relative abundance of prey species——A food habits study is of limited 
practical application unless the abundance of prey species is known. Actual 
quantitative methods of appraising prey populations were desired, but not 
wholly accomplished. Notes made on field checks following rodent control opera- 
tions, trapping, and general observations were used to inventory the prey species 
of the fauna and from them some relative abundance appraisals were postulated 

These data show that two species of mice, Peromyscus maniculatus rufinus 
and Microtus longicauda mordax, are the most abundant mammals available as 
prey for the weasel. Further, both of these forms are found in suitable habitat 
niches in all of the life zones occurring in Gunnison County. They are therefore 
in association with the weasel throughout the zonal range common to all three 
mammals. The other mice which range here are not as widely distributed zonally, 
nor as abundant. No specimens of Phenacomys or Zapus were obtained in Gun- 
nison County. However, the remains of a Zapus were encountered in one weasel 
scat indicating at least temporary representation of that species in the Gunnison 
County fauna. Woodrats were observed in all zones, but are not as abundant 
as the Peromyscus and Microtus. Pikas, snowshoe hares, and cottontails wer 
found in their respective life zones. During 1941 and 1942 cottontails were ver 
abundant, but noticeably scarce in 1944-1945. 

In trying to determine population values of these forms the extent of then 
habitat in this district and their territorial requirements as would affect the 
relative abundance of each species was considered. Ave rages, based on notes for 
the five-year period, are given. The following is a list of mammals, with relative 


abundance noted, which are resident in the fauna of Gunnison County Warren 


loc. cit.), and whi h are liable to weasel predation. 


Masked shrew, Sorex ci? is ctnereu 
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Bushy-tailed wo lrat, Neotoma cinerea orolestes -abundant 
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ise, Peromyscus maniculatus rufinus very abundant. 


Phen com - P} nia mn ? f ntermediu rare. 

ae sf 
Viountain vo j » onianwus 1 / common. 
Long-t iled vol VM LuUs me l ibund nt. 
Hi LIS€ n { VW ,} f i rare. 
Jumping mouse, Zapus princeps princep rare. 
Pika, Ochotor figgi abundant. 
Snowshoe h _ Lepus a car { common. 
\iount )] pinetis common. 
+} ] ] 7 ] ] . 
| mig I le ne ( ) f Oe m mals which inhabit 
Yellow-bellied marmot, Marmota f la abundant 
\\ r r EE p abundant 
Muskrat. O? ethica 0 bundant 
Many species of birds indigenous to the district might also be prey for weasels. 
Inde the weasels’ diet Is not restricted to the sm ll mammals listed In othe 


studies of weasel food habits, birds were found to form but a small portion of the 


liet, but their remains were difficult to identify. The list of resident birds vul- 

nerable as prey to th sel is so large t ( uded her 
Experimental feeding of weasels showed that they will kill and eat reptiles, 

amphibians, and insects, and that they will eat fish. Therefore, any forms in 


these categories vhich are indigenous to the region could pe € xpected to occur 


he qaets ol weasels 
4 y ; { } ] ] 4 ] ] ‘ ’ 
T') rolleciion of std samples Droppings ere collec eda during all seasons ot 


the year and from all of the life zones found in Gunnison County. Each specimen 


was labeled showing date and locality of collection and an approximation of its 
freshness with regard for the seasonal feeding period it represented Specimens 
found on the snow, for example, could readily be dated within a few days, but 


specimens collected during the summer were more difficult to date. Usually, 
scats were found singly on rocks in trails. Occasionally several would be found 
on the same rock, and their characte1 generally indicated different dates of 
deposition. This suggests frequent use of the same habitat or ‘‘favorite routes” 
by the animals. A fev dens were located and always these y ielded a number of 
droppings found in a “‘latrine.”’ Before analy S1S, physical measurements of weasel 
scats were made to aid in identify ing them from scats of other mustelids resident 
in the district. The measurements obtained were oven-dry weight, maximum 
length, and maximum diameter. Scats were then soaked and disintegrated sepa- 
rately in a watch glass. The bone fragments and teeth were picked out and several 
swatches of hair arranged on a slide in water for microscopic study. Casts of the 
unknown need not be made, usually, unless it is not possible to identify the speci- 
men on medullary characteristics, color pattern, diameter, and length. Some- 
times hair and feathers are so dirt- and grease-coated that they must be cleansed 
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before these characteristics can be seen. Agitation in warm soapy water was 
found suitable for preparing the specimen for examination. 
Food habits of weasels —A study of the food habits of an animal is probably 


the best approach to an understanding of its ecology for it also leads to an in 
vestigation of its relationship with factors in its environment. This study of 
weasel food habits has indicated some of these relationships, a discussion of 
which follows. The vole is the most frequently selected prey, perhaps because of 
its ubiquity, and deer mice appear often as items in the diets of weasels. The latter 
species is probably just as abundant as the vole, but by virtue of its saltatorial 
habit may be more capable of escape. The third most frequent item was the 
chipmunk. It was not as abundant numerically as the voles and mice though it 
was, relatively, very abundant Its habit of hibernation probably results In 
seasonal removal from the list of prey, further reducing the frequency with 
which it might be expected to occur in the weasel diet. Another factor whicl 
might affect the Trequency with which a prey species occurs in the diet ol 

predato1 IS 1ts body size, and the proportional energy it vields in the form of 


food. Similarly, the energy required of a predator to overcome prey has a bearit 
upon the lrequenc\ with which prey appear on the pred: tory menu. This 
of energy in-put to out-put probably is of significance in the ecology of predatio1 

Cottontails are general] too alert and too fast for weasels, but may on ot 
casion fall victim to their attacks. In a cage experiment it took a weasel sever 
minutes of fierce attack to conquer a healthy young cottontail. Had the cottor 
tail been in the freedom of the wild it is doubtful if the weasel could have over 
come it. Cottontails and prairie dogs : ppeared but twice each in the tabulation 


ol the analvses nut woodr il remains were found some vhat more frequently 


Evidence of predati 


n on cottontails in winter has been seen when tracki 
easy. Weasels have been seen in pursuit of woodrats, pikas, and golden-mantle 
ground squirrels. The diet analysis does not indicate that the weasel is more th 
moderately successful in the hunting of these prey animals. One notable obser 
tion was witnessed in J; nuary when a weasel in whit vinter coat pursued 

woodrat for a period of about ten minutes. The event took place at midday o1 
the rimrock of : small canyon in the Transition Zone. The rat seemed to Dé 
working an old ruse by which it escaped the weasel, at least temporarily. Three 
times it climbed clinging upside down to the unde rside oI a projecting roe! ledg 


and three times the weasel followed, bi 


t was not able to go more than half the 


} 


distance to the rat when it would lose its grip and fall six o1 eight Teet t the 
ledge beneath. At this opportunity the rat would retreat Irom its precarious 
haven to the rimrock whereupon the weasel would encounter it again. Afte! 
brief chase through the rocks the ledge retreat Was sought again ana the weast 
tried and fell again Following the third periormance both animals aisappe red 


In the rocks, th 2 finale unl nown to the observers 


About five per cent ol the scats contained pocket gopher remains Gopher 


are probably difficult prey for weasels to catch. Being able to throw up “road 


blocks” behind themselves when pursued underground they are likely killed 


only when taken offguard at or near the surface 
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No traces oi spruce s uirrels were found in the seats collected in Colorado, 


bnt one scat found in Wyoming suggested that the weasel may prey upon them 


imes. The golden-mantled ground squirrel, which is almost as large as the 


squirrel. appeared in about two per cent of the droppings. It would seem 


en t 
that this medium-sized rodent would fall prey to the weasel more frequently 
than this studv indicates. The fact that it i ailable in goodly numbers in all 
of the life zones may not, however, offset the period of its temporary removal 
from the prey list when it is in hibernation. It must also be considered that even 
igh its relative abundance is as great me other prey species its numerical 


hundance is less. Therefore, it should not be expected to occur in the diet of 





redators requent] oO! othe é pre mping mouse remains 
ere found in only one scat. This fast moving species does not likely fall prey to 
easels verv often. Its scarcity would also reduce the frequency of its vulner- 
lit ‘ ‘ specie The ren ins of bat found mm one dr ypping must certainly 
ndicate an oddity in the weasel diet. Yet it is conceivable that bats are vulner- 
hl¢ nre wher darmant or % her sleeping in roc "Te ices The e is the possibility, 
The most striking evidence « ian prt he occurrence of the remains 
emale teal. Quer in as As t und in fresh condition, 
umm<¢ ma e tl the | hile incapable of flight 
ne t} I yuk Inc] li vy hi incide! nl rl e per cent nit ined 
an ot hird f oy itery in the r e] [ I dent re! Ins 
nse of the te | oy | the fant ar it C hrown creeper. Cs ‘} ’ 
table quantity of insect remall foul na nalysis of the droppings 
The occurrence of grasshoppers, Tettigoniidae, in the diet is not surprising as 
ine f bundant in summer nd | rge el ot to I { ttractive prey for the 
easel. Pape sps. Ve la maculata, ix ilt form, occurred in about nine 
per cent of the ‘ raising the questio1 eh, th; were captured without 
In} te the pred Tor It ma he th TLTNeSE ere eatel hil in 1 dormant 
stage The ] +h speci e Toul Ol 1¢ S ts and yt] l I Le 
ert und ne 
() iten oft food the iInsec catego! ons! a ¢ some ] vae ol Crichop- 
te n adult f Tabanidas nd a fl A fe its contained insect parts 


vhich were not identified. About 15 per cent of the scats examined contained 


nsects. but these also contained other items of food which formed a more sub- 

stantial part of the diet. It appears that the we sel does not depend upon insects 

as a staple food, nor as an emergency I od, fo the: are largel) available only 
in summer when other forms of food are usually abundant 

Altogether. 23 scats contained vege able matter. One of thes« s a mass of 

vegetable fiber which suggested that at times weasels may eat vegetation, per- 

haps for the same reasons tl domestic dogs li ] *h of five aroppings con- 

T ined al out 25 per cent R ( eeds Al 1 three cor ined Vac ul see ls and 

the skins of berries. The bulk of t egetable del ound asel scats may 


i ec 
be the result of their habit of eating the entire bodies of small mammals and 


birds. including the contents of their stomachs. The remains of the berries of 
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Ribes and Vaccinium probably indicate direct consumption of such fruits when 
available. Later observations have shown that marten, too, eat quantities of 
berries and that some trappers, being aware of this, use a “jam” of blueberries 
and vegetable oils for marten baits. 

A few prey species are confined to certain life zone limits. This has a tendency 
to reduce the frequency with which one might expect their remains to occur in a 
gross analysis of weasel scats collected from all life zones. The cottontail is rare 
above the Transition Zone. The snowshoe hare is rare below the Canadian Zone, 
Spruce squirrels are generally confined to the timbered zones where pine, spruce, 
and fir forests afford them forage. Pikas range the upper zones rarely below the 
Hudsonian. 


TABLE 1.—Frequency of food items occurring in weasel scats' listed by location of collecti 


on 
ITEM 
LIFE ZONE ptpecp-a 

F SCATS | Micro- Pers Euta Cyn Thomo- Citel- Och Ves- Tettigo- 

bus myscu mia my my lu tona pula? niidae 
Upper Sonoran 15 6 7 2 0 0 0 0 0 2 
Transition 22 12 5 ] 2 l 2 0 0 0 
Canadian 18 1] l 2 0 l 0 0 3 0 
Hudsonian 1] 7 1 { 0 1 0 0 0 0 
Arctic-Alpine 1] } l 5 0 0 0 l 2 0 
Total 77 40) 15 14 2 3 2 ] 5 2 

Per cent occurrence in 
77 Scats 52 mS 326.2 3.6 3:9 33 13 6.5 2.6 


‘Only outstanding items are listed to conserve tabular space. Minor items are men- 
tioned in the text. Mr. Charles C. Sperry, U. 8. Fish and Wildlife Service, identified nu 
merous difficult items 


? Insect remains were identified in part by Dr. L. Jones, Colorado A & M College, 
Fort Collins. Colorado 


Thus, the forms of prey which are associated with the weasel in all of the life 
zones, and which are in yearlong contact with them, are likely to appear more 
frequently in the dietary selection. Those which the weasel as a species encounters 
in only a few of the life zones, and/or which are temporarily removed from the 
prey list by hibernation, are not apt to occur as often in the diet. The accompany- 
ing list (Table 1) indicates a grouping of scats according to the life zones in 
which they were found. The proportional sizes of these scat groups are quite 
comparable to the proportional areas of the life zones in which each of the 
groups was found. Most of the scats were found in the Transition Zone, the life 
zone with largest area in this district. Dens found in the Upper Sonoran Zone 
yielded large numbers of scats which tended to distort the seat-life zone-area 
ratio. The Upper Sonoran Zone is the smallest in area of the five found in Gun- 
nison County. 

Since the scats were collected at random, the ratios suggest that the weasel 
population was uniformly distributed through all life zones. From other studies 
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the weasel has been shown to have a small home range and a short cruising 
radius. The first three items of diet listed in Table 1 were found to have occurred 
in seats found in all life zones. The place of collection of the scats containing 
these animal remains fitted with their characteristic habitat zones in life. It would 
not be expected that a species of short cruising radius like the weasel would 
wander far between making a kill and defecating the remains. Similarly, one 
should not expect to find traces of prey strictly from one zone occurring in a 
scat found deep within a different zone. These observations were of some aid in 
identifying remains found in scats. The likely occurrence of border line cases, 
however, makes caution imperative. 


The short cruising radius of the weasel, and the zonal restriction of some prey 
species indicates that some weasels, as individuals, would never encounter some 
species of prey. For example, weasels born in the broad Transition Zone would 
likely never range out of that zone and would never have an opportunity to 
hunt pikas 

The occurrence of Eutamias remains in scats was more frequent from the higher 
life zones. The reverse is evident for Microtus and suggested for Peromyscus in 
the data. Scats containing Hutamias remains probably represent summer diet, 
as in this zone chipmunks would be in hibernation during winter. Voles and 
mice are active under the snow at the highest elevations even in the dead of 
winter. On a number of occasions Peromyscus have been frightened out of sub- 
nivean runs, presumably by the vibration of skiis on the snow. Microtus, too, 
have been observed under similar conditions. Because of their presence and 
activity associated with evidence of weasel activity these mice must be a staple 
item in the winter diet of weasels. The dates of the collection of scats found in 
the Alpine Zone throw a little light on the subject. Two droppings found on the 
snow contained the remains of Microtus. All those containing Eutamias remains 
were found in September and probably indicate prey taken by weasels during 
the summer preceding. While evidence of the high altitude activities of Pero 
myscus in winter is much more abundant than that of Microtus, the occurrence 
of the latter in the winter diets of weasels is more frequent. Observations show 
that weasels hunt under the snow, through snow-blanketed sedge marshes, 
willow thickets, under windfalls, and around stumps where Microtus and Pero- 
myscus are active all winter. About 50 per cent ol the scats showed traces of 
Microtus and 20 per cent contained evidence of Peromyscus remains. 

Hunting habits of weasels —Observations of wild and caged weasels were pieced 
together to gain some idea of their hunting habits. This method of study is 
especially necessary with a species which is mainly nocturnal in habit. On a 
number of occasions weasels in pursuit of fleeing chipmunks, pikas, and woodrats 
have been abruptly encountered by the writer. They have been seen on the 
hunting lope, coursing through the favorite runways of mice, rats, and ground 
squirrels. Once a weasel was seen on sucl a St arch loping slow ly ovel the snow. 
It slowed its gait to a cautious walk, extended its head as if to smell or otherwise 
perceive its prey, and walked about 25 feet to disappear into a mouse run. The 


a] 


walking gait is seldom demonstrated by weasels. The wanderings of their trails 
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printed on the snow give, too, the idea that weasels search the favorite haunts 
on the lope until they surprise their prey, then there is the rush to overtake it, 
At straight-line speed the weasel is limited by its gait habit, but at unraveling 
the maze of snow tunnels or slipping through dense thickets, it is well adapted. 
Serpentine body form and spider-like foot work make it a successful hunter of 
small mammals whose flight leads a winding course. As near as the eye can detect, 
the weasel always has two feet on the ground, giving it a base from which to 
change the direction of its motion. This peculiarity of gait substitutes maneuver- 
ability for speed. It prevents the compounding of space coverage demonstrated 
by horses, dogs, and rabbits with their over-stride gaited gallop. 

The kill—The writer has witnessed the “kill” phase of activity only with 
captive animals. A large cage with a natural earth floor was used for these ob- 
servations. The cage was arranged with rocks and brush and with holes in the 
earth floor to make as natural a setting as size would permit. Various live animals 
were released in the cage and observations were made on killing habits. Also an 
attempt was made to appraise the daily food requirements. Dead animals were 
offered to test the weasel’s taste for cold carrion. 

On one occasion a live blackbird was released into the cage. The weasel pounced 
on it, bit it through the wing, then killed it with a bite through the base of the 
skull. The weasel then began biting at the face of the bird and seemed to be 
eating into the brain. The beak of the bird fell free and was discarded. The weasel 
seemed to become sleepy, its eyes drooped It uttere 1 a few low chuckling 
sounds, walked around the dead bird several times, then laid down on it. It would 
get up, uneasily walk around the bird, drag it a few inches, then lie down on it 
again. This seemed to be the characteristic treatment dealt avian prey. Birds 
ranging from the size of a red-shafted flicker to an English sparrow were offered 
to the caged animals. The activities in each case followed a similar pattern. 
After the kill was made the weasel would eat a small part of the head region 
then curl up to sleep, having seemingly satisfied its appetite. In most cases the 
foreparts of the birds were eaten later. The heart and lungs and part of the 
breast meat would be consumed, but the entrails would be left untouched. In 
some cases the legs and part of the back would be eaten. Usually the primary 
wing feathers, the tail, feet, and tarsi would be left with most of the feathers 
scattered about. Kills found in the wild indicated similar activity, but generally 
there was evidence of more complete consumption of the prey than occurred 
under cage conditions. 

The question of the weasels’ tastes for cold-blooded prey was answered after a 
few cage tests. Several field observations had indicated that they had eaten 
parts of snakes, but the evidence did not seem conclusive. It did, however, 
suggest a trial, so a live water snake, Natrix hispidon, nearly 24 inches long, was 
placed in the cage. The snake seemed to try to hide its head under its coils while 
the weasel eagerly searched for it. The weasel seemed baffled, bit into the mid- 
section of the snake’s body and dragged it out of its coils. Then the weasel ran 
along the snake’s body toward the tail. It seemed to sense that the snake’s head 
was in the other direction and reversed its pursuit. By this time the snake had 
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ils throug s own white slim f tion. After every bite the 
l uld make, it would shake its head violently as if the slime were bitter 
taste. The 1 sel f rall located the head and killed the snake quickly 
it ell-pl 1 bi [t then ate a six-inch section of the snake, leaving the 
ll utes connecting the head with the remainder of the body. The weasel 
I been fed the prevlou 1a At a later date, this same experiment was tried 
g t imilat ilt 
‘I uther test their appetite for cold-blooded prey, two live leopard frogs, 
R / pr ns, were put into a cage with a w sel. The easel would approach a 
( SI iffing to retreat shaking its head as if the frog were distasteful. After 
son ps rrying, both f{ ogs were killed The vourme easel ate only the hind 
leg both frogs. In this district frogs have been seen wandering in dry sloughs 
he they might easily fall pre\ to weasels 
Mammals undoubtedly make up the bulk of the diet so a number of each 
speck of mammalian pre} vas offered from dav to day. On one occasion a 
chipmunk was put in the cage. A struggle ensued and the weasel severely injured, 
it did not kill, the chipmunk. A few moments later, during which time the 
( talked around the cage, it killed the chipmunk with a bite into the skull; 
ther te the eyes and brains, and the crunching of skull bones could be heard. 
The tip of the chipmunk’s nose fell free, severed, and was not eaten. The weasel 
he rled up to sleep, seeming to have eaten its fill. When observed later in 
( ernoon, all but the tip of the chipmunk’s tail had been devoured. 
| incident was rather characteristic of the manner in which weasels at- 
nd killed other prey animals which had been put into the cage. On all 
struggle took place before the kill s made. Usually, following the 
ll, the weasel would eat a small part of the cranial region then rest awhile 
e continuing on the remainder of the body. Often, especially in the cases 
ll mammals, the entire bodies would be consumed 
equirements Experiments with caged animals appeared to be the only 
determining the quantities of food required by weasels, but the results 
be jeopardized by distorted metabolism resulting from confinement. 
mposed inactivity could reduce food requirements and the loss of nervous 
energy resulting from restriction might work either way. Experiments with three 
e weasels indicated that four mice per day for each weasel would sustain 
( apparent health. Observations suggested that the weasel usually would 
er to eat a small quantity of food at frequent intervals rather than a great 
one sitting.’’ Over 50 kills were witnessed and in no case did the weasels 
he entire victim immediately. In all cases mice were ultimately consumed, 
following the kill, only a small portion would be eaten. When larger 
| ered to the captive weasels there was a marked decrease in the num- 
er of individuals consumed. In fact, when birds the size of a blackbird were 
ere never con pletely devoured 
Generally, the larger the prey the greater is the waste Because of the inherent 
I of the weasel it appears that it is natural for it to kill more than is re- 


immediate satiation of appetite. This may be the result of the volu- 
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metric ratio of size of prey to alimentary capacity of predator. Some of the 
weasel’s habits may be traced to such relationships. For example, the cache 
habit may be the result of the weasel’s inability to consume a “kill” immediately 


after its capture. The pattern of activity seems to be one of hunt, kill, eat, sle 
Since the animal quickly appeases its appetite it may 


*p. 


either rest or even sleep 
after its repast or it may continue on a sortie of a recreational nature. Should it 
encounter prey the pattern of activity is likely to b 


repeated even though the 
animal has recently left a partly consumed prey. Such a nature would make a1 
appraisal of the weasel’s rodent contro! effect difficult. 

Weasel populations. Estimates of the 


f populations of weasels in Gunnison 


County are made here upon reconnaissance methods. In connection with othe: 


field work the frequency of the occurrence of weasel trails upon the snow in 


midwinter was noted. Compared with studies of home ranges in other regions 
the ranges of Colorado weasels appeared to be similar. Weasel trails can usually 


be circumvented in a few hours in the open foothills of Gunnison County. The 
area encompassed can often be viewed from a vantage point, marked by th 
deep trail of the tracker or familiar land marks. Such areas are usually about 
200 to 300 acres in area. Physiography will often govern the boundary of 


weasel’s home range in some manner and, therefore, exert 
upon the distribution of the population. 


a degree ol control 


Practically the entire area of Gunnison County is suitable 


tion. There are but few habitat blanks in the form of lakes 


for weasel habit 
, Streams, rock out- 
crops, and settlements. It is estimated that there are about 4000 square miles 


a 


uniformly inhabited by weasels. The Public Land Survey System, upon which 


this estimate is based, controls area by horizontal measurement. The more ir- 


regular the surface the greater will be the surface area between comparabl 


horizontal controls. Thus, more animal habitat is available within the county 


than maps show, and therefore, population estimates art pre bably conser’ 


During the period covered by the report the density of the weasel populatior 
was calculated at two per square mile and the total population for Gunnison 
County at 8,000 animals 


Such a force of predators might account for th ing of more than 30,000 


small mammals per day, or about 10,000,000 per year in Gunnison County. Th 


weasel and his relatives are North America’s native “‘mousers.’ 


Univ. of Maine, Orono, Maine. Rec fuqust 16. 1950. 
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COYOTE FOOD HABITS ON A SOUTHWESTERN CATTLE RANGE 
By ApoLtpo Murit 


For about a year and a half, from February, 1943, to July, 1944, I was engaged 
os Indian Reservation in Arizona. The 
study required a consideration of many ecological factors such as overgrazing, 


In study of cattle losses on the San Caz 
malnutrition, and predation. The most abundant predator, and the one that 
had been considered most important as a loss factor, was the coyote (Canis 
latrans). In order to get a broader understanding of the coyote-cattle relation- 
ship, a study of the coyote’s food habits was made. This was done mainly by 
gathering seats in the field and analyzing their contents. On the Reservation, 


81 scats were gathered; in other parts of Arizona, 84. 
The Reservation consists of about 2568 square miles, practically all of which 
is used for cattle range. In elevation, it extends from 2500 to 6500 feet, that is, 
from the desert floor to the yellow pine belt. From the desert the land rises 
abruptly to a broad terrace at 4500 feet, from which it again rises sharply to the 
high range at 6500 feet. Thus the Reservation lies roughly at three elevations, 
each of which has its distinctive features 

The vegetation on the desert floor is characterized by much mesquite (Prosopis 
flora), catelaw (Acacia greggii), prickly pear and cholla (Opuntia), and creosote 
Larrea). Rabbits and rodents appeared to be more plentiful here than at higher 
el tions, but had better protection from coyotes because of the brush and the 


ndant cactus Only nine seats were gathe red OI the desert. 8) the study did 


not actually include this area 
The intermediate range at 4500 feet consists of extensive open grasslands, 
g es of live oak (Quercus) and juniper (J untperus pach jphloea and J. utahensis), 
nd scattered patches of prickly pear and choll: Rabbits and rodents were not 
int, perhaps because cover was greatly reduced due to year-long, extremely 
erazing by cattle. Because the cattle population was large on the inter- 
mediate range nd the losses were heavy the major part of my time was devoted 
this range. It followed that the scat collections were here the largest, number- 
ine 3211 
\t the highest elevations there were extensive stands of yellow pine (Pinus 
D rosa). live oak, and juniper (J pacl jphloea), and large tracts of grass lands. 


The prickly pear and cholla were less plentiful than at the lower elevations. 
Rabbits and rodents were not abundant. The range was closely grazed most of 
the year. On this high range 756 scats were gathered 

The outstanding characteristic of the covote’s diet at San Carlos was its high 
content of vegetation. About eighty per cent of the scats examined contained 
plant food. Juniper berry was present in 68 per cent of them, and usually com- 
posed all or a large part of those in which it was found. Prickly pear, mulberry, 
mesquite, catclaw, and hackberry were also eaten Juniper was primarily a 


winter food; the other species were utilized chiefly in the summer and fall seasons. 
FOOD ITEMS 


Cattle —Remains of Hereford cattle were found in 16 per cent of the scats. The impor- 
tance of cattle in the diet depended chiefly upon the amount of carrion available. This 
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On the overstocked ranges st types of losses were large. Although coyote predat 
appeared to be light, no accurate measurement of the loss due to coyotes was po 
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Rodent todent remains were found in about 10 per cent of the scats The di “oar 
according to species of the 386 occurrences of rodents is siven ts Table 1. The ' 
gopher the meadow vole, favorite foods in other localiti¢ vere high ranking 
the rodents. The meadow vol s scarce because of tl ( due to overg 
Other rodents were no doubt similarly affected | yvergr g 

a ibbit and cottontail.—The jackrabbit (Ley eremicus) and th 
tail (Sylvilag combined, were found in 103 or about 3 px eek all iene Win oal 
were relatively scarce probab because of the ver close g ne } aaith 

Bird.—Bird remains were found in less than 2 per cent the scats. Wild turkey (Me 
leagris « me tan , con n range v fou three scats. The turk 
mains could have been rion because manv turkeys are wounded during the huntir 
season. Gambel quail (Lophortyx g. gambeli), abundant in places present it 
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In early August the 


hoppe1 part of the diet. Of 


per cent grasshoppers 


of scats on the high ranges 


hoppers thers But sines 





in the diet probably was much reduced 

Che species Melanoplus mexicanus was by far the most numerous in the droppings, ju 

v in the field. The grasshoppers in four droppings were counted and the following 

numbers e found in them: 180, 135, 243, and 1 Using the average of this small sample 
183, the 399 seats contained about 51,000 grasshoppers. Grasshoppers are actually relished 
by the coyotes, f in the northern states, even where rodents are readily availa | 
covotes make it regular practice to feed on ther 

On June 22, 1943, in a swale grown up in filaree (F te n where grass 
hopp¢ vere abundant and concentrated, I watched two coyotes catching them. As tl 
coyotes moved, numerous grasshoppers rose before them, and many were snapped in th 
uir, wl 0 rs were pinned under the paws. In the same swale, about fifty Swainson | g 
nd thir vi were also feeding on grasshoppers 

A total of 69 scats contained beetles, mostly June beetle In five of the seats, 100 p 

J One of the surprising features of the coyote’s f 1} ts was the larg 
or Junipt rl Juni pe { r ind J. pachypl the diet. Of the 3981 s 
gathe 2702 or 68 per cent contained juniper. Usual unip¢ ude up all o rg 
part o cat in which it w present. In 2231 scats junit I le up 100 per « 
conte ind in 323 of the: t leas 1) per cer Both sr Ini pt vere eate! 
becau the common juniper is J. pachyphloec the species chiefly eater 
taher was observed onl t lower elevatior 1 or fe calities 

On the intermediate range juniper was chiefly winter food, but it was found « 
in the spring as late as April. During the summer grasshoppe1 nd prickly pe 
preferred to it. On the high range summer use was probably great It was here 
eaten in July and several fresh scats picked up the middle of September conta ol 
junipé 

The amount of juniper eaten in winter varied a great de on the intermediate rang 
In the winter of 1942—43 43 per cer of the 2093 scats contained uniper while the follo ng 
wints ol 3 per cent of the 283 scats collected contain¢ 1 Junipe It appe ired that « t 
carrion was less available 1942-43 and, therefore, the coyotes were forced to depet 
more on juniper. But many of the scats collected in 1942-43 on the intermediate rang 
were gathered in juniper groves where coyotes had cor o feed on the berris The 
fore, these collections increased the juniper incidence above average. Furthermore tl 
was some accumulation of old scats in the grove which furtl increased the numbe 
scats containing juniper. On the high range 717 of the 756 scats collected contained junipe 
Since most of these were collected on the trails and highwa they were fairly represent 
tive of the food habits for the period studied 

Judging from the examination of small scattered collections of scats found outs th 
Reservation, it appears that juniper is an important coyote food in the Southwest. I 


teen 


Indiar 


s gathered in 


fresh sea 


Reservation and Sh 


tion in Jur and two scat 
only juniper. On the Hualp 
28, 1943, eleven cor uined j 

Juniper Ss Al import iT 
scats, and was reported to 
7 } 


fed extensively on the ber 


fruit ol 


they were tar less 





JOURNAL OF MAMMALOGY Vol. 32, No. 


the prickly pear became ripe and replaced much of th 


gras 


its that 


ie 399 sez 


contained g! usshoppers, 2924 container 


per cent grasshoppers. Summer collectior 


ough to measure tl importance of gras 


ibundant on the high range, their importan« 








the middle of September on the highw 


\ between Fort Ar 
owlow, four scats found on the Fort Apache Indian Res 


s picked up on the Navajo Indian Reservation, all cor 
1i Indian Reservation, of fourteen s« gathered o1 Novel 
uni pe 100 per cent in eight of tl 
ood tor mar nima It w ou horse al 
' y 


be eaten by deer. The gr und the wil 





Pric P On the intermediate r: rom eal August to late Septembe t 
succulent fruit of pri pea Opuntia) was dominant in the dic Of 437 seats gathe 


100 




















SI 


VT 


\ 





» an 1 +] 
Z l l 
‘T y 
Af 
r NN 
Q 104 I o y | 
] rié na 
. ) rrew oO he 
+ ] ri or f 
r t F 1 
} ream heds 
| } 1 about 
- +} fourtl 1 
" om ¢ n whict 
r¢ tT ; not 
, 
tu 1 intensivels 
ranges. On the desert 
7 f the covote diet 
Win mesquite 
l nnNo j ost 
udied 
i tu n the other 
; ttle nges 
t Vyas & 
} ein 12 
| . . } tles in 
lit nar T T 
. i 6 Dp nt 
oO 
us ‘ 





296 JOURNAL OF MAMMALOGY Vol. 82, No.$ 


NOTES ON THE RED FOX (VULPES FULVA) IN MISSOURI 
By Harvey I. FisHer 


Several times in early July, 1950, groups of red foxes were observed foraging 
in wheat stubble (maximum height of about 18 inches) in the bottomland east 
of the Grand River, four miles west of Triplett, Chariton County, Missouri 
This area is floodplain, now protected by levees, and except where cultivated is 
covered with pinoak and pecan trees. It is in this timber that the fox dens are 
usually located. The dates given in Table 1 were the only ones on which obser- 
vations were made; foxes were always found in the locations marked, when 
observations were made in the evenings. 

The young were about two-thirds or three-fourths grown. Their coats wer 
shaggier and duller than, and lacked the brighter reddish tones of, those of the 
adults. 

If we may assume that the part of each field they used marked the general 
region of the den and of their hunting activities, we may get some idea of the 
minimum population; other families may have been present within the wooded 
area. On July 27, for example, as on August 3, two young were observed at each 
of the points marked X? on Figure 1, and probably represent other families 
On July 27 all fields were visited between 5:00 and 6:00 p.m., and maximum 
numbers were found where expected; thus we can plot the location of six fami- 
lies. It may be seen that the families were slightly more than one-fourth mile 
apart; therefore, we may estimate that the radius of a family’s activ 


ities S 





about one-eighth mile. This would mean an area of about 30 to 40 acres; to 
interpolate, this would make about 15 families per square mile. If one carried 
this further, it might be deduced that the population was at least 60 foxes per 
square mile in this particular area. 

It was early noted that these foxes were always first observed in late after- 
noon, but not until plowing started on July 22, and I remained in the field fron 
about 7:00 a.m. until dark (approximately 8:00 p.m. CST), were definite notes 
made 

On nine separate days, the first fox to appear was always recorded between 
4:00 and 4:15. p.m. After 4:30 the number of foxes present never increased, and 
no foxes were seen in the field after sundown, although visibility was still good 


enough, for nearly an hour, to have observed them had they been present. On 


two mornings trips were made to the fields at daylight; no foxes were present 


The absence in the morning may, however, have been related to the feeding 
habits in the following manner. Usually the foxes were first noted in the furrow 
marking the boundary between plowed and unplowed land. They would move 
along slowh and occasionally stop to nose the last-turned dirt or to catch some- 
thing in the edge of the stubble. Thus the fox was apparently utilizing the dis 
turbed edge where the prey animals were more exposed, at least tempo! rily 
In the morning there was no newly-turned soil. 


} 


The tractor was apparently commonplace for the animals and did not frighten 


A 


them as long as I remained on the seat and the engine was working. Once the 
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machine was stopped, all foxes disappeared from that particular part of the 
fie ld. The tractor seat gave good I eight to observe for at least 200 yards in any 
direction, and it was soon found that the tractor could be stopped for better 
observ ations, as long as the engine was roaring and | remained motionless. This, 
along with the seeming tameness of the foxes, permitted some close-range obser- 
ation with binoculars. 

hough as many as five foxes were seen at one time in a restricted part of a 


_ 


field. they did not feed as a close group. They entered the field singly, or at 


t 


least were first obser’ ed as singles: the point of emergence onto the field was the 
same for each member of a group and was always used on subsequent days. Once 


on the field the family might be strung out over a distance of 200 yards; seldom 


the foxes closer than ten yards to eacl other. When the tractor approached 


. closely. the fox would move some 50 to 100 feet into the stubble, wait 
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’ f T TX 
When the tractor pproacl ed a fo that 1 s about 150 1 irds from the point 


nee to the field, and going away from It, the 1ox ould run into the stubble 


7 ‘ Lo d the entrance poll 1 Ne ( ere Ttoxes seen to move more than 
) " ‘ | ‘ | See Te 
°200 vards from the entrance poimn i nis distance as observed on ali three 

fields and under varying conditions; 1t seemed to mark a boundary of some 

sort. Onivw once did tox enter OI! leave neia, even though several vere fright- 


ened, ; anv place other than those mark i ith an X on the figure. On this 


Ol s I approached more closel: than usual to feeding young fox and 
stopped the tractor engine. The fox immediatel; n northward across Field No. 
l t did so ve hesitantly. with much stopping, looking about and retracing 
of steps. It spent nearlv 20 minutes crossing 150 vards of plowing \s soon as 
the stubble maining he north sid reach he fox ran around the 
east enc the eld and went int » the ods ( 175 ards east of its point 
ot ent nee onto the field. 


he tendenev of several foxes (young nd one or two adults, usually) to re- 
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main near one part or “territory” of the field was observed repeatedly, and 
strengthened my feeling that the areas shown on the map were centers of acti ity 
and that the groups of foxes seen here were discrete units or families. 

Feeding foxes habitually walked slowly with head and tail low, moving the head 
slowly from side to side. When a food-object was sighted or smelled the tail and 
head, with ears cocked forward, were raised, and the animal remained motion- 
} 


enavyv- 


less. The well-known “striking” with stiffened forelegs was the pattern of | 


10r alway s followed wl en catches were made in the lurrow or on the stubble: in 
the one instance in which a fox made a capture (a frog which it pursued for 
about 15 feet) on the plowed ground, it simply reached out and seized the frog 
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mpossible, or perhaps the strike is only used on non-moving 


It became apparent later that the fox fre ently moved into the same spot 


in the stubble with successive catches This was observed in five young foxes 
seen separately twice in each of two fields and once in another field—and thus 
could not have been a phenomenon associaté vith one fox or one fami 

Adults were never seen to exhibit the follow ng bel patte1 vhicl C 
identical in the five young foxes. The fox with its catch in the stubble stopped, 
looked about, dug a shallow depression in the soft, dust il with its forefeet 
lowered its head into the depression, and then, pushing forward with its nose, 


moved dirt back into th concavity. 
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On three separate occasions, in two different fields, this procedure was watched 


with binoculars and the position of the cache carefully triangulated. After the 


lapse of two hours in each instance the site was investigated; the following 


materials were found: Cache No. 1; 3 Microtus, 2 Mus, } Thamnophis (posterior 
part only), 6 large grasshoppers. It should not be construed as meaning that the 
fox had eaten part of the snake. Many snakes were cut in two by the disk plow; 
their remains were frequently seen, and it is possible the fox simply picked up 
the available part. None of the other animals showed any evidence of being 
partly eaten. Cache No. 2; 4 Mus, 1 Microtus, 1 Rana pipiens, 2 grasshoppers. 
Cache No. 3: 2 Microtus, 2 Mus, 1 Hyla, 1 Peromyscus. The fact that only one 
Peromyscus was taken, compared with six Microtus and eight Mus, would seem 
support the findings of Scott (Iowa State Coll. Res. Bull., 353:449, 1947) 
that Microtus is “preferred over Peromyscus.” A cursory record of animals 
observed during one hour in the furrow beneath the slowly-moving tractor 
showed: 10 Microtus; 9 Mus; 6 Peromyscus; 12 cut parts and 6 living Thamnophis; 
3 Hyla; and 37 Rana pipiens. Thus on the basis of availability, the fox would 
have taken two-thirds as many Peromyscus as Microtus or Mus. 

The time interval may be unimportant for the fox may have buried prey 
prior to the time it was first observed; but the fact that foxes were never seen 
before 4:00 p.m., and that the caches were inventoried between 6:00 and 6:30 
»M. in each case, makes it seem likely that each cache represented about two 
hours of work for a fox. There is, however, the possibility that some animals 
were eaten during this period 


Each group ol animals was replaced and covered The sites were revisited just 


before dark; numbers 1 and 3 were gone, but number 2 was still present, even 
the next morning. It thus appears that the young foxes returned, within one 
hot to secure the animals in two instances, although human scent must have 
been strong on the ground, the stubble, and the prey, for they were handled 

The reason for hiding the prey was neve determined. Since the adults were 
not observed hiding the food, it could hardly have been stored for later transport 
to young in the den; the season of the year also tends to negate this possibility. 

Perhaps the foxes were simply storing temporarily food in excess of their 
immediate needs. Since the total time available for hunting (as indicated by 
the hours during which foxes were obser ed each day) was limited to about three 


hours, it may be that hiding, for consumption later, enables more food to be 


Devartment of Zoology, Unive ty of Illine Urbana. Iilir Received October 9, 1950. 
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RELATION BETWEEN LOW TEMPERATURE AND AVAILABLE 
FOOD TO SURVIVAL OF SMALL RODENTS 


By Wauter E. Howarp 


} 


During cold weather small rodents of natural populations may succumb to 
what may be designated “‘cold weather starvation,” the combined effect of low 
temperature and insufficient food to maintain body temperature. When individ- 
uals or groups of prairie deermice (Peromyscus maniculatus bairdi) living in a 
field in Michigan were without food during a late spring cold wave, some died 
of cold weather starvation (Howard, 1949: 32). Likewise, these and other small 
rodents confined in live traps during cold weather frequently die when without 
adequate food. 

A small rodent requires more food in proportion to its body weight to maintain 
body temperature than does a larger animal, since it has a greater proportion of 
body surface to weight. Small rodents can survive exposure to temperatures far 
below that of their bodies. They have little or no means of resistance to heat 
much above their normal body temperature except by remaining in seclusion 
below ground. It seems unlikely that they voluntarily enter situations where they 
might die because of exposure to low temperatures. They do venture out in cool 
weather, however, and then it is necessary to eat several times as much food as 
in a warmer environment. Under the latter circumstances they may thus exhaust 
the local food supply and die due to ‘“‘cold weather starvation.” 


This study was initiated at the Laboratory of Vertebrate Biology, University 
of Michigan, Ann Arbor, and continued at the San Joaquin Experimental Range, 
O’Neals, California, and in the Division of Zoology at Davis. Drinking water 
was supplied to all the caged animals in the survival experiments which follow. 


Acknowledgments are due Lee R. Dice, Oliver P. Pearson, and Tracy I. Storer 


‘ 


for critically reading the manuscript 

No food or nesting material —lLaboratory and field experiments have shown 
that many small native rodents cannot survive overnight when exposed to freez- 
ing temperatures without food or nesting material. They are unable to break 
down and utilize fat deposits rapidly enough to maintain body temperatures, 
p. 9; Table 2, Exp. 


18). At laboratory temperatures, however, small rodents may survive several 


and consequently die with little loss in weight (Table 1, Ex 
days without food or nesting material by utilizing their body fat (Table 1, Exp. 
8). When three female Peromyscus maniculatus bairdi were caged together out- 
doors without food or nesting material, one died during the first day. The mini- 
mum temperature had been —1° C. If they had not huddled together all three 
probably would have died. 

\ female Peromyscus leucopus noveboracensis was confined in a “‘presdwood” 
live trap approximately 3 x 3 x 8 inches without food. The trap was placed on 
the concrete floor adjacent to an outer wall of the laboratory at 4:15 P.M. on 
February 6, 1947. Another female was similarly housed, but provided with food. 
The outdoor temperature dropped to —13° C that night. At 8:00 a.m. the next 


day the mouse that had been confined without food was nearly dead and unable 
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tional peromyscus, which presumably had escaped from their cages the previous 
dav, also were nearly dead when removed from traps without food that were 
SF 0 th loo | ( tech escan B h di er th: d peing too we ik to 
£ eve 

Nesting material but little or no food—When nesting material is provided, small 


lents require less food to maintain their body temperature and may survive 


one or more days at freezing temperatures without food (Table 1, Exp. 3.5. 10. 


11). Two mice, so situated, remained alive overnight at minimum temperatures 
about 22 and 19° C (Table 1, Exp. 8, 13). When three mice were caged together, 


they reduced the rate of heat loss by huddling, and one survived for two days 
eezing temperatures without either food or nesting material (Table 1, Exp. 4). 
Even when nesting material is available, ll rodents may not survive over- 
night at freezing temperatures if without food (Table 1, Exp. 9). To study this 
requirement. three male P. m. bairdi were caged together outdoors and nesting 


1 


h pro ided Three female vere similarly caged, Dut without cotton. Neither 


cage received food the first day. The mi temperature was —1° C that 





night and in the cage without nesting material one female died. The remaining 
e deermice were then offered 30 sunflower seeds each, a limited ration. The 
number of seeds each ate was unknown, but there is little doubt that sometimes 
particularly on days when an animal died—a cage mate ate more than 30 seeds. 
The following day the second female died, and two days later the third was dead. 
Minimum temperatures were about 0° C. The three males lost some weight, but 


irvived on 30 sunflower seeds apiece. The presence of nesting material appar- 


ently provided suitable conditions for them to huddle and remain lethargic or 
torpid much of the time, thus further conserving their limited rations. 

Limited food.—At freezing temperatures two P. m. bairdi with nesting material 
died after several days when fed daily only 15 and 30 sunflower seeds, respectively 
Table 1, Exp. 6, 7). Another female with nesting material lost veight at both 


eeZing and laboratory temperatures on a ! tion of 30 sunflowe1 seeds daily. 


She also lost weight on 45 seeds at freezing temperatures, but gained on the lat- 

ter amount of food at laboratory temperatures (Table 1, Exp. 12, 13 
mY materia Small. freshlv-trapped rodents can survive freez- 
iperatures without nesting material if they hav« surplus of palatable 
na utritiou food this has been seen ¢ ther vhe1 cart 1 In groups Table 3 
| or when solitary (Table 1, Exp. 2; Table 2, Exp. 14-27). As long as the 
mals had access to adequate food for fuel to maintain normal body tempera- 

hey did yt die during freezing weatl 

Vhen field caught animals have bee! ged in a lab ratory tor many months, 
! sul e freezing temperatures without nesting material unless they 
acclimatized to low temperati s. When the temperature is suddenly 
hout 30 degrees. and to below freezing, they are likely to die with little 
( ight This happ ned wit th folle Ing WIM: Is ths had been labora- 
orv-housed for many months. Thev died during the first night at the following 
minimum temperatures. respectively: P oveboracensis, —14° C; P. boylei 
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7° C. They were offered surplus food but no nesting material. The non-native, lab- 
oratory reared Mus musculus, sometimes also died when xposed to below-freez- 


ing temperatures without nesting material, even when adequate food was avail 
able (Table 2, Exp. 24, 25 
Other laboratory-housed individuals, however, survived similar conditions 
lable 1, Exp. 1, 2; Table 2, Exp. 14, 20-26). An adult male Neotoma f 
streatort that had been in a laboratory for more than one year survived for three 


days with a surplus of rolled oats but no nesting material when placed in a room 


Kept 6° C. An adult female Thomomys bottae navus that had been in a labo 
tory for five months survived at —7.8 to 0° C for seven days when given : 


plus of rolled oats but no nesting material. 

Inve trapping.—Field-caught small rodents are able to survive exposuré 
below-freezing temperatures in live traps without nesting material as long as 
they are provided with a surplus of food (Table 2, Exp. 14-27). Two female 
ipodomy heermanni tularensis and two female Thomomys bottae mewa were 
field-trapped on January 4, 1949, when the temperature dropped to —8° C. The 
traps were baited with a surplus of rolled oats, but had no nesting material. The 
animals were in good condition when removed from the traps, except that one 
Dipodomys apparently had frozen the tip of her nose to the metal door and con- 
sequently lost a little skin 

To explore this matter further, a male P. b. boylei weighing 24 grams was con- 
fined in a small live trap (2 x 2.5 x 6.5 inches) and put into a refrigerator. After 
25 days in the refrigerator at daily minimum temperatures of —7 to —1° C he 
weizhed 25 grams (Table 2. Exp. 17). The floor of the trap then was covered with 
dripping rolled oats that had been soaked in water for two hours. The minimum 
temperature was —1° C that night. The following day the underparts of the 
mouse were wet, but he had not changed in weight. The trap was then placed in 


] 


watel Lt inch deep. Three hours later only the head and shoulders of the mous¢ 


were dry and the animal was dead the following afternoon. The minimum tem- 


perature had beer 2° C. The dead animal was then dried and found to weigh 
23 grams. This mouse apparently died from cold and wet rather than from insuf 
ciel food, unless the wet and partially submerge | food was unpalatable 
Huddl Small rodents have a better chance of surviving cold temperatures 
when in groups; by huddling they reduce the rate of body heat loss and thereby 
decrease their needs for food and nesting material. Four wire cages were sus 


pended outside a second-story window in Ann Arbor, Michigan, from Januar) 


29, 1947, to March 10, 1948, where they wer » exposed to minimum temperature 


ranging tro 16 to 1° C. Male P. Ll. noveboracens were placed in the cages 
a single individual in one, two in another, and three and four mice, respective! 
in the remaining cage Each cage was supplied with cotton and a one-pout 
conee jar as a ne chamber. The animals were fed a limited amount of a prepares 


balanced diet daily. When the water supply in the cages was frozen, the n 


were observed licking the ice and at other times they took condensed moisture 
from the inside of the nest chamber. Each cage received one portion of food for 
each occupant—four times as much food was placed in the cage with four mice 
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as was given the solitary mouse. All mice were alive on February 5; they were 
not checked on February 6. On February 7 the solitary individual and one from 
the cage harboring two mice were dead. From February 4 to 8, the daily mini- 
mum temperature dropped below —12° C; apparently the limited rations no 
longer sufficed to keep these two mice alive. After March 3 the rest of the mice 
vere no longer fed. On March 7 the remaining mouse in the cage that originally 
ontained two was dead. Also one each from the cages originally containing three 
and four were dead on March 7. When the nests were examined closely on March 


10, the other two in the cage that had started with three individuals were dead, 


and one of the three remaining in the cage that began with four mice was almost 
dead 

Similar fates befall animals in the wild. Three P. m. bairdi in one natural nest 
died during a cold wave in Michigan; there was no food in their nest at the time 


Howard, 1949 


When ten female P. m. bairdi were put in a small wire cage and exposed to a 


Michigan winter, they huddled in one nest in a coffee jar. When offered a surplus 


, 
of food they cached un 


vaten seeds in the same jar Finally they had gathered 

so many that on a morning when the temperature was - 3° C the jar was full 

f seeds, and the mice were living in a cotton nest outside that afforded them little 

protection from the freezing weather. The backs of several of the mice were actu- 

xposed to the cold air. Had these huddled mice been suffering seriously from 
ld have removed some seeds from the jar. 


y { 
A > ad i 


7 "Dp dity Three male P " hair It were aged tos ether outdoors for 97 lays 


| and 90 (30 each) sunflower seeds daily. 


and provided with cotton nesting materi: ' 
had been starved for one day preceding the experiment On this limited 
tter at the lowest temperature, when they became torpid 
ind reduced their metabolic activity. As the air temperature rose, less energy 
was needed to maintain body temperature, yet the total energy expended was 
greater since they lost weight. Presumably this was because they were less tor- 
pid and thereby had greater metabolic activity (Table 3). The sunflower seeds 
vere eaten each night. Whenever examined at night all mice were active in both 
cages. During the day they did not move about, even when not torpid, but re 
mained huddled in the nests 

During winter, Peromyscus in artificial nest boxes buried in the field were 
often aggregated in groups of a few to more than a dozen (Howard, 1949 
ny were lethargic or torpid when examined during cold weather, and fre 


quently they were unable to turn over when placed on their backs. One such tor- 


pid aggregation was handled a good deal while being measured, photographed, 
nd inspected for fleas They appe red slightly more active when the box was 


eexamined an hour later. Less dormant individuals became quite active after 


being held close to the author’s body for about five minutes. When torpid, the 


eyes were closed, and the animals appeared as if hibernating. The rate of re 





on, heart beat, and body temperature all were markedly decreased; but 
survived, as indicated by later recaptures 


Al approximation of the t ody temperatures ol torpid P.m. bairdi was obtained 
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in the field from two torpid aggregations by inserting a thermometer between 
the huddled animals. In an aggregation of three, the external body temperature 


TABLE 3.—Relations of change in weight to degree of torpidity and temperatur: 


three male mice (Peromyscus maniculatus bairdi) caged together and fed 
limited ratior 


TOTAL DAYS MICE 
MINIMUM TEMPERATURES Ab DAYS Ul 





, . . MICE TORPID WHI 
PREVIOUS 24 HOU! EXPOSED TO TEM 3 MICE X DAY eeaninants Sr tate 
PERATURE LISTED 
RA} 
—1 to 1° ¢ S 24 23 (96% +0.38 
+2 to 6° C 4 i2 t (33° 0.21 
7 te 8° C 4 2 4 (3397 0.01 
+9 to +18° C ll 33 9 62% (1) OR 
TABLE 4.—Air temperature about huddled, but not torp d. mice (Peromyscus le Lcop 
noveboracensis) increases with additional animals in a nest 
TEMPERATURE, DEGREES 
NUMBER IN NE 
Outside Air Nest Chamber 
l —14.4 + 6.9 
2 -14.4 7.2 
} —14.4 + 7.8 
1 —14.4 +13.1 
8 +11.2 
2 Pe +15.2 
- 16 l 
TABLE 5 Condition of mice Peromyscus maniculatus baird r urd to whet i 
were active (A), both active and torpid (B), and torpid (T') depending on the temperature 
and number of individuals in each artificial nest on the Edwin S. George Reserve, Micl 
AIR TEMPER 
M I 
: 
Zer 4 2 
l ay A, A,A 
~ \ 
ie 1 \ 
| I B B 
) | \ 
f B, TI I 
7 A \ 
| 


was 10 to 12° C, when the air temperature was about —9° C, and the nest cham- 
ber 1° C. The external body temperature of four torpid mice was about 14° C, 


when the air temperature was about —7° C, and the nest chamber 1° C. When 
other factors were uniform, the air temperature in a nest chamber was higher 


as the number of animals present in the aggregation increased (Table 4). The 
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external body temperature of an aggregation of four active P. l. noveboracensis 
in an outdoor cage was 32° C when the air temperature was 0° C, and again when 
—14° C. By use of a thermocouple, Kendeigh (1945) found the internal body 
temperature of P. m. gracilis at rest to be 35° C or higher. Therefore, it is likely 
that the external body temperatures that I secured were two or three degrees 
an the internal temperatures of the huddled mice. 

The rate of heart beat was determined for one torpid mouse (P. m. bairdi) 


in the field aggregation of four animals where body temperatures were measured. 
Upon pressing a finger over the mouse’s heart, the very slow beat of 80 per min- 
ute was easily counted. The rate in an active deermouse is possibly 200 to 500 
per minute depending upon its emotional state 


Often when P. m. batrdi were found torpid during the day, tracks were seen 


in the snow indicating that they had also been active at night. (Caged mice 


that ( rp by day were always act € when ot served at night ) In one out 
do ox containing ten active individuals, tracks showed that only one had been 
0 he previous night and that it ventured only four feet before returning to the 
nest. There was no stored food in the nest box. No bairdi living alone in a nest 
Y ' found torpid, and only one solitary torpid male of noveboracensis was 
seen. Single individuals probably are unable to become torpid during severe 

ther without the hazard of being frozen. As the number of individuals in an 


weregation increased, the ability to become torpid during cold weather tended 


i ( ronment factors am s which stimulate some Peromyscus 
ecome torpid and then later become active are unknown. Food is apparently 
the only factor responsible for mice becoming torpid, because lethargic mice 

ind in nest boxes both with anc ithout stored food. On the days when 
orpid mice in one box, active individuals were seen in adjacent boxes. 
It is not known how long the deermice can remain continuously torpid. 

}) 0? When one feeds small rodents housed in an unheated laboratory, 

mmediately becomes apparent that the animals eat more food during cold 
veather than when it is warm. The quantity of various kinds of food consumed 
ent temperatures has not been determined, but the amount required 

deper principally on air temperature, quality of food, and size of animal 
: ding to Dice (1922) P. m. bairdi in a moist environment consumed food as 


Temperature, degrees ( 0 21 28 32-34 35-36 
Calories/day/gram of body weight 0.82 0.58 0.56 0.46 0.33 
Percentage of 0° consumption 100 71 68 56 40) 


When the temperature was lowered from 36° C to 0° C, then almost 2.5 times 
1y calories were consumed. Most small mammals except possibly shrews) 
re able to survive one day or longer without food at ordinary laboratory tem- 
peratures; but it is doubtful that any trapped small rodent can exist overnight 
ithout food or nest material when the temperature drops much below 10° C, 
and even more doubtful when the temperature is below freezing 


An adult male Neotoma fuscipes sireatori weighed 199.6 grams when placed in 
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a room at —6° C with surplus food but no nesting material. Two days later he 
weighed 198.6 grams. He was then offered only a small amount of rolled oats 
and the next day was too weak to feed and weighed 182.6 grams. After he died 
his weight was 181.7 grams. He lost only nine per cent in weight and, if he had 
not been fed a little food, he probably would have died sooner and lost even less 
weight. Kleiber (1947) showed that rats starved at environmental temperatures 
of 20, 30, and 38° C survived an average of 12, 17, and zero days, respectively. 
More food was required at 20° C than at 30° C, which was nearer their body 
temperature. At 30° C the starved rats lost an average of 41 per cent of their 
weight before dying, whereas between 18 and 28° C they lost only 29 per cent 
of their weight before death. At still lower temperatures they would have lost 
even less weight before dying. The nearer the environmental temperature is to 
that of the animal’s body temperature, the greater can be the demand from the 
body tissues before death occurs. The rats subjected to the hot environment of 
38° C did not survive the first day. Rats and smaller rodents obviously lack an 
efficient cooling mechanism and the habit of remaining below ground by day is 
therefore of marked advantage in summer as well as winter. 

Under natural conditions, peromyscus conserves its food stores and survives 
cold weather by aggregating in groups of a few to upwards of a dozen (Howard, 
1949). The aggregations were principally composed of family units. Offspring 
born in late fall, after the middle of September, remained at their birthplaces 
through the winter season. They did not disperse until they became sexually 
active the following spring. As a result, winter groups often comprised an adult 
pair and the survivors of their last two autumn litters. Unrelated mice occasion- 
ally became associated with these family units. In ten aggregations, individuals 
of P. l. noveboracensis were associated with others of bairdi; one group contained 
three white-footed mice and ten deermice. 

Winter aggregations of peromyscus lessen the amount of individual metabolism 
required to maintain body temperature, thus decreasing the amount of food re- 
quired by each. Pearson (1947) measured the metabolism of four adult house 
mice (us musculus) singly and with all four together. At 26° C four huddled 
mice used only 2.2 times as much oxygen as a single mouse. When moving about 
in the chamber, however, the four mice consumed four times as much oxygen as 
one animal alone. When huddled together they became essentially one larger 
animal of four times the weight, but having only about 2.5 times the surface area 
of a solitary mouse. 

The ability of at least some species of Peromyscus to become torpid probably 
enables them to survive periods of severe weather. When torpid their metabolic 
activity is reduced, thus further conserving their food supply. Apparently these 
mice are able to conserve more food by becoming torpid, thus reducing 
their metabolic activity, than by aggregating, which reduces the amount of 
individual energy required to maintain their body temperature (Table 3 

Small rodents can be successfully taken alive during cold weather by placing 
an ample supply of palatable and nutritious food in the traps. Usually it is un- 
necessary to attach a nest chamber or to provide cotton or other nesting material 
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keep rodents from dying. Sufficient food is more necessary than 


in live traps to 
nest n aterial. An an ple supply of bait should be used in live traps whenever 
the minimum temperature approaches 10° C, and it is paramount to provide a 
surplus when the temperature dro] to freezing or below, since small rodents 


} 


require two or more times as much food at about 0° C as they do at laboratory 


temperatures. The presence of nesting material merely reduces the amount of 


bait that is required. The author has had few small rodents die in live traps that 


“ontained 


} 


surplus food and no nesting material, except in those traps that were 
Laf+ 


left too 


] 


iong in the sun 


Rolled oats and rolled wheat have proved satisfactory as bait to catch 
Thomomys. Peroagnathus. Dipodom is. Reithrodontomys. Peromyscus. Microtus. and 
M About 15 grams of this kind of bait should be placed in each live trap 
When trapping larger mammals, such as squirrels, a greater amount of food is 
probably not required unless temperatures are quite low, because with larger 
animals the food requirement decreases in proportion to their body weight as 
the en ironmental temperature decline Laboratory chow pellets, dog cubes, and 

tton seed cake did not seem to be good baits for producing quick heat; and 


iscus, Reithrodontomys, and Mus fed these foods did not 


individuals of Peron 


urvive or even eat much when exposed to freezing temperatures without nest 


ng material. Experience quickly shows whether or not a sufficient amount of the 


proper kind of bait is being used: if the bait is not adequate an occasional dead 


anima! will be found in the traps during cold weather. If live weights of the cap- 
tives are being recorded, it is desirable to provide a surplus of food so that the 


animals will not lose too much weight while confined, also, to examine the traps 
requently. 

The required amount of rolled oats when put into certain types of live traps 
may interfere with the trigger mechanism. If this occurs, most of the food can 
be supplied as whole grains. Llewellyn (1950) had no mortality in live trapping 
I noveboracensis when he added a handful of shelled ear-corn to the traps, 


hereas he had nine of 29 mice die in traps baited only with a little peanut but 


le 

Some research workers have suggested that rodents might not withstand such 
severe temperatures if confined in live traps so small that they could not move 
around The anin als, howe er, do not need space for exercise to keep warm when 
na cold environment (Table 2, Exp. 14-27); in fact, as the environment becomes 


colder the chance that the animal will move about becomes less. Caged Pe romys- 
cus became less active when subjected to below freezing temperatures. Horvath 
1948) found that mice, rats, and rabbits subjected to ambient temperatures of 
35° C sat quietly in one place and exposed a minimum of surface, even though 
they had room for movement in thei cages Seemingly the need to conserve 
body heat increases as the temperature goes lower. When an animal crouches and 


exposes a minimum of surface, it lessens the heat loss 


Many persons who have had small mammals die in their traps during cold 
eather believed that it was due to the fur becoming wet from urine, which often 


occurs with trapped microtines. This may be true if there is insufficient bait, 
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because when the fur is wet more food is needed to maintain body temperature. 
Individuals also may become more susceptible to disease after their fur becomes 
wet. A surplus of food will enable a trapped animal to maintain its body tempera- 
ture and also will lessen the hazard of damp fur by absorbing some of the urine. 


Summary.—Small rodents under natural conditions or when confined in live 





traps may die from “cold weather starvation,” the combined effect of low ten 
perature and insufficient food. When the environmental temperature approaches 
freezing they require several times as much food to maintain their body tempera- 
ture as in warm surroundings. Small mammals require more food in proportion 
to their body weight for this purpose than do larger individuals, because they 
have a greater proportion of body surface to weight. They are able to survive 
temperatures far below that of their body when afforded ample food. It is un- 
likely that small rodents in nature die from freezing alone, but they may succumb 
from cold weather when the food supply is insufficient to maintain body tem- 
perature 
When subjected to freezing temperatures and without food, small rodents 
apparently cannot marshal the energy in their body fat rapidly enough to main- 
tain normal body temperature. When insulation is provided by nesting material 
or by huddling of two or more individuals, body heat is lost at a slower rate, 
and they may then be able to utilize their body fat before dying of starvation. 
When small rodents aggregate and huddle, the per-individual heat loss is less- 
ened. The prorata food requirement is further lessened if the animals become tor- 
pid, thereby reducing metabolic demands. Apparently less food is required to 
maintain peromyscus at freezing temperatures, when they can become torpid 
during the daytime, than is needed at warmer temperatures when the animals 
cannot become torpid and can only huddle and sleep by day 
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THE USE OF SKULL MEASUREMENTS AT THE SUBSPECIFIC LEVEL 
IN MAMMALIAN TAXONOMY, WITH SPECIAL REFERENCE TO 
THOMOMYS TALPOIDES 


By C. A. Tryon, Jr. 


The logical difficulty imposed by the gap between a state of nature and the 


formal system used by man in describing the universe is very apparent in at- 


tempts to recognize populations within a species by means of subspecific desig- 
nation. In mammalian taxonomy variations in pelage color and skull measure- 
ments have been primarily the characters used at this level. In many cases skull 
measurements have been used to distinguish populations of mammals beyond 
the point where qualitative differences are recognizable. In addition, meristic 
characters have definite advantages in ease of analysis, tests of significance, and 
precision in setting limits to the range of characters 

The problem of how skull measurements can be used in expressing the exist- 


ence of recognizable groups within a species seems to rest essentially on the 


concepts of ecology when taken in their broadest sense. All the morphological 
characters of any group of organisms are the result of an interaction between the 
group and the environment in which it has existed, either during its previous 
evolutionary history or during the life span of the individuals under inspection. 
Whether characters are fixed in the genetic matrix of the group through natural 
selection, mutation rate, or scattering of the variability is immaterial to the 
underlying ecological concept, for in all such processes environment plays a 
leading role, either directly or indirectly. For taxonomic use these morphological 
characters are divided into twe groups, those due to the effect of the environment 
on the ancestors of the specimens under consideration and those due to the 
effects of the environment during the individual life spans of these specimens. 
Since the effects of the environments of the past are maintained by means of 
the genetic mechanism, the resulting characters have been termed genetic 
and the term environmental characters has been reserved for those due to present 
environment. Such terminology tends to confuse the underlying concept, but 
has been fixed by common usage. 

At any rate, the division of differences between populations into two such 
groups is necessary for in order to describe the flow of phylogeny and in a search 
for stability those differences due to environmental influences during the life 
span of the individual have been ruled out. This necessity makes doubly difficult 
the problem of dealing with such criteria as body measurements for in all mam- 
mals total size will fluctuate considerably with changes in the present environ- 
ment. By various methods it has been shown that size differences of the degree 
used in subspecific designation are fixed in the genetic matrix of certain intra- 
species groups, notably in the genera Peromyscus and Microtus, yet under natural 
conditions these differences are so confounded by present environmental effects 
on size that the use of absolute size measurements is rendered uncertain. With 
the majority of mammal species, where even such fragmentary information is 
lacking, the use of absolute measurements appears unreliable. 
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Turning from absolute measurements of the skull, the taxonomist has used, 
in some cases, relative measurements, i.e. skull proportions. However, this does 
not solve the problem for ratios of this sort do not provide efficient comparisons 
between populations where the environment has an appreciable influence on 
size. It should also be noted that even body proportions are, at least in some 
cases, subject to environmental conditions. This has been shown to be true for 
fish and also for invertebrates. In adult mammals, while relative measurements 
may be subject to environmental influence, at least during embryonic develop- 
ment, the effect would appear to be less pronounced than in poikilothermal 
animals. 

In a further attempt to render measurements more valuable, the taxonomist 
uses several levels of environmental effect to gauge their significance. He does 
this by using the amount of variability present in small geographical areas to 
interpret the variability present in larger areas. The size of the areas to be used 
depends on the mobility of the mammal involved, that is, the least area should 
be small enough so that interbreeding will provide the group involved with a 
similar genetic matrix yet be large enough to provide a diversity of environment. 
(It should also be small enough to preclude the possibility of naming any popu- 
lations from practical grounds alone.) A second area should be large enough te 
permit diversity of genetic background yet permit the collection of animals 
from similar ecological niches. And finally, a still larger area should permit col- 
lections representing both diversity of genetic background and diversity of 
environment. While such considerations are implied in the naming of subspecies 
mammals are rarely collected according to such a design. And so far as the 
author knows, no analysis of skull measurements, capable of yielding efficient 
comparisons of populations, has been made of such material. The present paper 
presents the results of an attempt to design and execute such an experiment. 

Method.—While engaged in field work in Montana for the Montana Agricul- 
tural Experiment Station at Montana State College, it became possible to col- 
lect considerable numbers of skulls of the pocket gopher (Thomomys talpoides 
These were later supplemented by examination of skulls in the United States 
Fish and Wildlife Service Collection through the courtesy of Dr. H. H. T. 
Jackson. Only one species of pocket gopher (Thomomys talpoides) occurs in 
Montana although a considerable but variable number of subspecies have been 
described by various workers. This species was thought to be suitable as an 
experimental animal as it apparently responded readily to both past and present 
environmental influences. It is widely spread and abundant throughout the 
state (Tryon, Mont. State College Agric. Exp. Sta., Tech. Bull. 448, 1949 

The specimens were collected and grouped according to the following three 
geographic areas (Fig. 1.). Group I: Within a single mountain range, the Bridger 
Mountains, in south-central Montana, three meadows were chosen. These mead- 
ows were located within a distance of two miles on the east side of the range, 
but differed markedly in kind and vigor of vegetation, type and depth of soil, 
and amount of soil moisture. The gophers from these three meadows differed 
significantly in size as indicated by total weight (Tryon, loc. cit.). Sixteen speci- 
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mens were collected from each of the three meadows. While close to each other, 
the meadows were separated to some degree by narrow tongues of forest. The 
area falls within the range of 7’. t. fuscus. Group II: Collections for this group 
were made from three mountain ranges, the Crazy Mountains, the Absaroka 
Mountains, and the Gallatin Range. All are located in south-central Montana 
and all border on one another, but are separated by valleys of considerable mag- 
nitude. Collections were made from locations representing several environmental 
types within each range, but roughly similar between each range. The popula- 
tion in the Crazy Mountains was named Thomomys talpoides trivialis and that 
in the Absaroka Mountains 7’. t. kelloggi by Goldman (Jour. Mamm., 20: 23- 





“oo” 











Fig. 1.—Map of Montana. The dotted lines show the areas in which the three groups of 
pocket gophers were collected. The location and extent of the collection ranges for each 
of the populations sampled within these areas is indicated roughly by solid line circles with 
a dot in the center. I, Bridger Mountain populations; II, populations from three separate 
mountain ranges; III, populations from western mountains and eastern plains. 


44, 1939). The population from the Gallatin Range would fall within the range 
of 7’. t. fuscus. Twenty-seven skulis of each population were available for meas- 
urement. Group III: Collections for this group were made for comparison of 
the populations found in the western mountainous region and eastern plains 
region of Montana. 7’. t. fuscus occurs over most of the mountainous portion and 
T. t. bullatus in the plains region. Twenty-four skulls from each area were avail- 
able for measurement. 

All specimens used were mature adults at least one year old, having passed 
through one or more breeding seasons, and all were taken during the months 
of July and August. Since gophers reach sexual maturity as yearlings, and as 
most of their growth is accomplished during the first year, such specimens were 
believed to give adequate representation to the populations involved. Five skull 
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measurements were used, condylobasal length, rostral length, zygomatic breadth, 
width of rostrum, and interorbital distance. (The actual measurements may be 
obtained in mimeographed form from the author.) These were chosen for testing 
as they can be taken more precisely than most skull measurements and they 
represent the important proportions of the skull. Also, Dalquest and Scheffer 
(Amer. Nat., 78: 308-33, 423-50, 1944), in their detailed study of the Washington 


TABLE 1] Comparison of the three areas from which samples of pocket gopher populat 
re drawn and of the size of the skulls of gophe r populatior within the areas as 


represe nted by condylobasal len qth 





E [RO E I AR 
GR IZE E REA ISOLATION D I I BASAL LE 
AMPLE I I i PUI 
3. ARE 
l Le Leas Inte gn ’ 
I] I 1 Interme t Leas Not signific 
II] Gre G G te Highly s 
TABI 2 Test f ynificance | resull ) fr n col ( analysis of the loaa } 
? f T, S No Sy ‘) 
ye h ER 
Group 16 ne I 5.6; 1 ] 1 St ] 3.0; n; I l 
re thre 2 { 44 Z 2: 1% { 2 
1d}a 1OWS Higt Not N No 
1 Mo 8s ( gnincant a) 
t 
Group II (2 I 18.96 I ».42 I 3.59 I 1.79 
thre 2 77) 31 77 7731 2 77 2 
d ul High] No N N 
rangé south-c¢ significa signif gnificar sig! 
tral Mon 
Group III (24 spe I 7.06; n I 6.88; 1 I 29.09; 1 I 15. 
mens from the mou lst 45 Il: n 15 l:r 45 = 1:1 
tainou regior of Significant Significant Highly Highly 
Montan and 24 significant signific 
speci! er re the 
pla regi 


races of Thomomys talpoides, believed these measurements to be of the most 
systematic value. Measurements were taken with vernier calipers to the nearest 
tenth of a millimeter. Both males and females were used as analysis showed no 
significant difference between sexes in relative skull measurements. 

In analyzing the skull measurements it was felt desirable, as previously 
mentioned, to compare the group populations on the basis of skull proportions 
As a first step, to determine whether differences existed in total size, condylobasal 
length was used in an analysis of variance between populations within the 
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Significant differences existed between the populations in Group I, but 
tween the populations in Group II (Table 1). Since the populations in 


I were associated with environmental differences and those in Group II 


l} 
not, it is likely that the differences in total size of the skull were related 
nvironment. Since, under such conditions, ratios do not lead to efficient 
parisons, it was decided to use covariance analysis in which the means of 
kull measurements of the different sized populations can be adjusted to 
I of a common skull size before testing for significant differences. A 


re remote, however, 


’ 


ance analysis was, therefore, run for each of the three groups; condylobasal 
used for the X value and the corresponding skull measurement was 


the Y value in each case. (Symbols follow Snedecor, Statistical Methods, 


State College Press, 4th ed., 1946). All measurements were first transferred 


ithms as has been shown necessary in using covariance analysis with this 
If, by using covariance analysis, the effects of variations in size 

. ed from the comparisons of skull measurements between populations 
more rigorous interpretation of the results becomes possible. Any sig- 
lifferences in skull measurements that are left are felt to be essentially 
fferences in skull proportions and thus are at least more apt to be fixed 
netic matrix of the population. Also, since total size of skull was affected 
[ where environmental effect marked and not in Group II where 
ntal effect was not strong, it is felt that at least up to geographic areas 
lized in Group II total size differences are largely the effects of 

( ronment acting within genetic limits. In Group III where both con- 


geographic range plus marked environmental differences were in- 


rrespondingly much greater than in 


1 4 : 
the differences in total size were co 


egard to skull proportions, the only significant differences in the popula- 
n the adjacent meadows of Group I were those associated with rostral 
Like e at the next level where the populations from different mountain 


re ompared the only difference again was that associated with rostral 


on. In Group III all of the skull proportions represented by the measure- 
Sse Table 2 


n showed significant differences 2 


ittempt is made in the present paper to revise the subspecies of 
les in Montana, several interesting generalizations may be 
m the information in Table 2. An attempt is usually made in taxonomy 
sociate the degree and number of differences in characters of populations 
e amount of time that has elapsed since some degree of isolation of the 
on occurred (remoteness of common ancestry). In regard to the skull 
ts under consideration the presumably more remote common an- 


populations from Group II was not associated with any more 
in skull proportions than occurred in the populations from adjacent 


In Group III where common ancestry was considerably 


vs (Group 1) 
significant differences appeared in all the skull propor- 


s examined. 
rhe appearance of significant differences in rostral length in both Group I 
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and Group II can be argued both ways, i.e. either as due to environmental 
effects (Group I) or as due to genetic control (Group II). Since there were no 
differences in total size of skulls of the populations tested in Group II, however, 
it may well be that the rostral differences are genetic. This would indicate that 
the meadow populations of Group I are isolated despite their geographic prox- 
imity. Considering the habits of pocket gophers this is possible. It is of course 
impractical to attempt to name ecotypes of such limited range as the meadow 
populations of the Bridger Mountains, even if the single criterion of rostral 
elongation was considered sufficient difference. 

None of the populations in Groups I or II showed any consistent differences 
in qualitative characters. In Group III where significant differences in skull 
proportions existed, differences in pelage color and number of teats were also 
present. These two Group III populations, by any criteria, would be considered 
suitable for taxonomic recognition. 

It would appear, therefore, that in this case, skull measurements do not 
permit any greater degree of taxonomic recognition of populations than that 
permitted by qualitative characters. Whether this holds in general for pocket 
gopher populations or for other kinds of mammals calls for further experimenta- 
tion. It does indicate the need for careful evaluation and perhaps the revaluation 
of the use of skull measurements at the subspecific level. 


Department of Biological Sciences, Univ. of Pittsburgh. Received Octobe 20. 1950 


A NEW TECHNIQUE OF ANIMAL CENSUS, WITH EXAMPLES 
By D. A. MacLuticu 


Census taking is basic to intelligent management of wildlife resources. Var- 
ious methods of trapping small mammals for the purpose of obtaining compara- 
tive indices or absolute census of their abundance have been discussed and used 
by many workers. A representative assortment of methods is covered in the 
papers listed under literature cited. 

The ideas developed here and the trial trapping were worked out in the sum- 
mer of 1938, but the war and subsequent commitments prevented publication 
In the meantime some of the concepts, but not the central one, appeared in the 
later papers mentioned above. This study was done as part of the biological r 
search programme in Algonquin Provincial Park, Ontario, while the author was a 
member of the staff, and the superintendent, F. A. MacDougall, is to be thanked 
for supporting the work. 

A method of trapping and computation is presented which measures the rang 
of movement or home range and the population density of suitable species. Th 
sample area must be about one-quarter mile square or larger. The method gives 
average information about a fairly large sample of animals within a short time 
It is complementary to live trapping which slowly gives information about in- 
dividual animals. 
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DEVELOPMENT OF FORMULAE 


A trap line or quadrat, given sufficient suitable traps with a good bait and 


reasonable time, will catch most of the animals whose ranges of movement over- 


up the area enclosed by the traps. The majority of resident animals of most 


pecies of mice will be harvested within four nights trapping, see MacLulich 


1940) and Hayne (1949). Dice (1938) must be given credit for emphasizing the 


dea that the census area will consist of the area enclosed by the traps plus a 


trip around it half the width of the average range of movement, or as wide as 
1] 


the animals’ average radius of action. The range of movement, R, will rerun 


different for various species and even, within a species, for each sex, age class, 
son of the year, habitat, and degree ol abundance. The males, or certain age 
Sse t certain times of the year, may be found to wander and not be attached 

particular area. The formulae described below still apply te such animals 
thout home ties, but the term ‘home range’ loses its validity, becoming simply 
thematical a erage range ol movement oO! the animals concerned during the 


imber of days for which the traps were set. Because animals whose ranges do 


t reach the traps may yet overlap part of the surrounding strip of the so-called 


ea depopulated’ the term ‘census area’ will be used instead 
The symbols used in what follows and their meanings are: 

A. Area from which the animals are drawn, the ‘census area’ or so- 
called “area depopulated.”’ 

C. ‘Catch.’ The number of animals using the census area. This will 
usually refer to only one species sex, and age class at a time, 
and estimation by removal graph method or by Lincoln Index 
method. 

H. Area of range of movement. 

L. Length of a line of traps 

N. Population per unit area, such as ten acres. 

P and Q. Dimensions of rectangular trapping quadrat 

R. Mean diameter of home range or range of movement during the 
trapping period. The range may be considered as hexagonal; 
actual ranges are of course extremely variable in shape, but a 
hexagon is better than a square, rectangle, or circle as a gen- 
eral average shape that will fit together without interspaces. 

Util. Territory in use as a proportion of the total area, i.e. the degree 

of utilization of area. 
U. Unit area, such as ten acres 
VY. Number of animals of a given species, sex, and age class which 
overlap each other on the average. 
| and 2. Subscripts used to designate symbols referring to two sepa- 
rate quadrats. 

Census area.—The formulae for the census area A are: For rectangular trap- 
ping quadrat; A = (P+R)(Q+R) — 0.22R? [Eqn. 1]. For a linear trap line: 
1 = RL + 0.78R? [Eqn. 2]. 

The census area can not be estimated until a value for R, the range of move- 
ment, is determined. Note that when the dimensions of the trap line are in yards 
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the census area may be obtained in acres by dividing by 4840. In these formula 
it is assumed that the corners of the area from which animals are drawn will b 


ad 
ares of circles, with centres at the corners of the trapping quadrat, or ends of 


linear trap line and radius equal to half the mean range of movement. In the case 


of a 55-yard square quadrat and 100-yard range, this correction to the census 


area amounts to minus 9 per cent 


Number of animals using census area.—Three assumptions, which 


appeal 
logically sound, are made with respect to the number of animals, C, of the species 
sex, and age class being considered, using a census area at a given time in 
homogeneous habitat: 1. The number of animals using the census area, othe: 


wise called ‘animals exposed,’ may be estimated from the catch of re 


efficient traps and bait by the Lincoln Index method (1930) or the Re 
Graph method of Hayne (1949). 2. The number of animals using the census : 
will be proportional to the size of the census area, A. 3. The number of anim 
using the census area will be proportional to the density ol population, N 


this point, having done the trapping, we have estimated the number of animals 


of each species, sex, and age class using the census area, but since the size of th 
census area is still unknown the population density has not been determined 
Principle of simultaneous trap lines for estimating range of movement.—Th 
main new idea of this paper is that by simultaneously trapping two quad 
widely different size in the same habitat the two unknowns, range of movem 
and density of population, may be calculated. A requirement is to find an area 
the specified habitat which is reasonably uniform in vegetation and physiog1 


so that the animal population may be assumed to be fairly uniformly distribut 
This area must be large enough to accommodate the two quadrats without inter 
ference and with an untrapped margin around and between them. For a unifor 


population the density of animals will be equal for both census areas, hence tl! 
ratio of the census areas to each other will be equal to the ratio of the numbers 
animals determined from trapping. Given the dimensions of the quad: the 
ratio of the census areas depends on the size of the range of movement only, th 

is, the average range of movement can be found by solving an equation develop 

as follows: 


“Ao N lation density, theref C1 Ai 
== ULAbION Gensibty, ‘rel e: = 
{ A Uy po} stion densit: ierelol " 
Cc, (P:+ R)(Q,+ R) — 022R 


That is, substituting from Eqn. 1: = = 
( (P, + R)(Q2+ R 0.22R 


Multiplying and collecting terms, we get: 


0.78 (1 “} R?+ |, + Q) - M1 (P. + Q,) | R 


ct L ( ] 


em (P,Q, = = P2Qe) =( [Eqn.3 


\ 


Similarly, if the second trap line is a straight line of traps of length L the equa 


tion becomes: 0.78( 1 _ c ‘Rr +;L— ‘ 1(P. + Qs) |R — HPQ = Q. These 


C,° 2 








are | 
for | 
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are both quadratic equations in one unknown and they may, either one, be solved 
for R. the average range of movement of the species, sex, and age class of animal 
during the time of trapping. Denoting the coefficients above by a, b, and c, the 


solution is: 





At least one of the trap lines must be a quadrat; two linear trap lines can not be 
used together because the absence of any enclosed area makes the solution in- 
determinate. Essentially, there are two unknowns, R and N, hence two inde- 


pendent trapping equations are necessary for theit determination as outlined 


To avoid laborious calculations, Figure 1 contains graphs for various pairs 
of trapping quadrats and lines, allowing R to be read off over the ratio of ani- 
mals exposed to trapping, C,/¢ 
] 
I 


req of movement or area oT range Che rea of movement may 


egitimately 


be called ‘area of home range’ only in cases wher other evidence indicates that 


the animals in question do stay for most of a season within a limited area It 
mav be found, for instance, that the breeding fer ales of a species have a home 
range, but males have not. However, this distinction is irrelevant to this method 
nd the average area covered during the trapping period, whether the animal 
he nomadic or home-centred, will be found. The formula for a hexagon is used for 
rea ot movement as follows: H 0.75R Eqn. 5 

Estimation of population d Ly H ng determined the erage range of 
movement and having calculated the census area by Eqn. 1, the population per 


C 
\ 


{) ( 1O Ear a) 
Degree of ut lization of area \ measure ol the decres of utiliz: tion of the area 
be the proportion of the total area of the occupied ranges to the unit area, 
| led by ctor. V. for overlappin The « on is as follows: Utilization 
H x N | a hs 
re Eqn. 7 Uveriapping or rang n be accurately ¢ aluated 
U xD 
Nn lj trannin rit. 7 +} OS wher t} total area T "Anes T ve 
Ol L1V¢ rapping, DUU ne Cases nere le tota rea Of range or Move 
mel! exceeds 100 per cent coverage, a minimul factor for o erlapping can be 
I I 
: ‘ " . ' bce 
calculated by assuming 100 per cent utilization and solving for V. The existence 


( nused territory within a rang‘ has not been taken into consideration For no 


V equals one. V is the average number of animals using any oc ‘upied 


rRAP-LINE TECHNIQUES: HABITAT 


The use of a type map 1s desirable for sé trapping areas to sample the 


main habitats. It is essential for compiling an estimate of population based on 
popul: tion density and area of each main habitat. It is v ise to leave an untrapped 


zone about 150 yards v ide outside the trap lines, hence a quadrat and a line of 
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traps require an area 500 to 600 yards 
Zoology has issued Mammal Checking Cards which include a useful form and 
guide for making an ecological description of any habitat. 

Vumber and distribution of traps.—Certain requirements and suggestions may 
be summarized as follows: 

(a Traps must be suitable to catch the desired animals. Live traps are to be 
preferred for areas to be censused annually; beyond that the merits of 
traps will not be discussed here 


various 
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Fig. 1.—Size of range of movement of animals related to trapping catch on simultaneous 


trap lines 


(b) Bait must be of a proven type attractive to the animals 
(c) Breakback or similar traps should all be anchored to something by a string 
about two feet long. 

(d) There must be enough traps to accommodate the number of animals avail- 
able to be caught. A 96-yard square quadrat may commonly catch 50 or more 
animals in three or four nights and should have 250 to 350 traps. 

(e) There should be a systematic spacing of traps over the area, but on the 
boundary of a quadrat the traps ought to be spaced two or three times as closely 
as on internal lines. The spacing suggested for a 96-yard square quadrat consists 
of 17 lines 6 yards apart of 17 traps per line, with traps at intervals of 6 yards, 
and around the boundary extra traps between those mentioned at intervals of 
3 yards. Measure the quadrat and mark its borders on trees, by stakes, or by other 


ls square. The Royal Ontario Museum of 
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means, then use a stick 3 yards long as guide in positioning traps. For a quadrat 
160 yards square use 17 lines of traps spaced 10 yards each way, except for 5-yard 
spacing around the border, a total of 353 traps. 

f) It is suggested that each trap should be placed at the spot, within two feet 
of the measured trapping point, which the trapper considers most likely to be 
visited by an animal 

(g) The spacing suggested on a 300 yard line is 13 vards, which requires 201 
traps Use a spacel stick, but make the total le ngt h of the line accurate by measur- 
ing it with a tape. A line uses traps more efficiently than a quadrat because each 
trap extends into new territory, therefore, fewer traps are needed on a line. 

h) Use a small papel bag for each animal caught, writing the tr ap location on 


the bag At the camp keep full records ort sex, age class, size, ind breeding condi 
tion, and preserve at least a few of the mammals and of their parasites. Mark the 


location of each animal caught on a map of the trap line which shows natural 


ACCURACY 
The accuracy of ecological measurements is far below that of phy sical measure- 
ments, which makes it all the more important to assess the statistical accuracy 


results of animal tr: ap ping It is onlv bv such estimation of error that the sig 


nificance of apparent cha in abundance can be assessed. An illustration and 
suggestion of one trend ty allies can take will be examined nov 
irtificial test cas All figures used in this section are synthetic examples only, 
they serve to illustrate possible methods of approach. Burt’s (1940) maps of 
hom« ranges ol Peromyscus le icopus no ehboracensis for August 4 to September 
23, 1935, were repeatedly fitted together to make two large maps, one for females 


and one for males. On these artificially built-up maps, which had however ranges 
of natural size and shape, the above method of trapping and analvsis was ap- 
plied in ‘dry swim’ fashion by counting home ranges overlapped bv appropriate 
squares marked on translucent paper to represent the quadrats. Fifty quadrats 
of each size, 10, 55, and 150 yards square, and fifty straight lines 400 yards long, 
vere counted. From the frequency distribution of the catch the probable error 
the catch from any single quadrat or line was estimated. For female white- 
footed mice the probable errors were: for the 10 yard quadrat, 30 per cent; for 
the 55-yard quadrat, 16 per cent; for the 150-; ard quadrat, 6.8 per cent; and for 
the 400-yard line, 15 per cent of the catch. The catches of males had larger prob 
ble errors, and, for instance, a 150 .' ird quadrat would be required to give the 
same accuracy as a 100 vard quadrat would do for females 
Comparisor of catch with Poisson Distribution and Fiducial Limits The fre 
quency distribution of size of catch for any one quadrat size did not fit the Pois- 


son Distribution. Similarly the Fiducial or Confidence Limits for Poisson Fre- 


quent Di tribution for 95 ner cent proba! lity Ric er. 1937 are tal vider than 
the variation in catch that as encountered. For instance. the mean catch of 
If le white-footed mice in the 150-vard quadrats ; 12 with the smallest 


catch 10 and the largest 15 out of 54 counts, whereas the fiducial limits for a 
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mean of 12 and 95 per cent probability are 6 and 21. Those fiducial limits would 
have meant that 2 or 3 counts out of the 54 would have been smaller than 6 or 
larger than 21. The failure to fit the Poisson Distribution and the narrowness 
of the variation in the catch compared with Poisson fiducial limits mean that the 
catch is not distributed at random, but rather it must be governed by more 
definitely regular habits and conditions. 


Accuracy of estimate of range of movement.—To assess the probable error of de- 
termination of the range diameter all possible combinations of the observed 
catches were tabulated, their individual probabilities paired up and accumula- 
tive frequency graph drawn for each of the pairs of trap lines shown below. 
From these graphs the probable errors were read off with the results shown in 
Table 1, ignoring a certain amount of skewness 


TABLE | Probable errors of range diameter of white-footed mice in synthetic case 


PROBABLE ERRORS OF RANGE DIAMETER 


SEX AND AGE ca NOE BEAM 
_ AREA 10-yd. & 55-yd 55-yd. & 150-yd 150-yd. quad 
quadrats quadrats & 400-yd. lin 
breeding ¢ 49 yds 30 per cent 55 per cent 35 per cent 
adult @ 74 yds 60 per cent 60 per cent 60 per cent 


TABLE 2.—Ezample of probable error of population estimate in synthetic case 


50 PER CENT LIMITS 
MEAN VALUES 


Low Upper 
Catch, 150 yd. quadrat 12 animals 
400 yd. line 7 animals 
Range 56 yards 36 yards 74 yards 
Census area 4.5 acres 2.9 acres 5.9 acres 
Population per 10 acres 27 animals 41 animals 21 animals 


Probable Errors +14 or +50% to —6 or —22% 


Accuracy of estimate of population density —Using female white-footed mice 
and the 150-yard-square quadrat with 400-yard line as an example we get results 
shown in Table 2. Notice the probable range in population density, between 20 
and 40 practically, with the most probable value of 27 animals nearer the lower 
figure. 

Selection of dimensions of trap lines——The determination of range diameter 
with a given accuracy can be done with the least effort by the use of a quadrat 
and a line, each of such a size as to yield a catch of the same accuracy, corre- 
sponding to that desired for the range. The number of animals caught would be 
about the same in the quadrat and in the line, i.e. the ratio C,/C2 would be nearly 
equal to one. However, such ideal trap lines would be of different sizes for each 
kind of animal with different size of range and this is impractical; therefore, a 
compromise is necessary. The ratio C,/C2 is dependent only on the dimensions 
of the trap lines and on the size of the range of movement, R; the ratio is inde- 
pendent of population density, N. To measure the ratio accurately the trap lines 
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must be large enough to give reasonably large catches. The catch is dependent 
on all three things, tr: p line dimensions, R, and N. Considerable effort was put 
into preparing graphs of range of movement R over C,/C,. for many different 
combinations of quadrats and lines, and a 96-yard-square quadrat with a line 
300 yards long appeared to be a good compromise for small mammals with ranges 
low 130 yards in average diameter, see Fig. 1. An interesting experiment would 
be the trapping of two quadrats, 96 and 160 yards square, and a line 300 yards 


long in the same habitat to compare results using each possible combination in 


EXAMPLES 


\ small experiment, conducted at the end of August and beginning of Septem- 


her 
re 


1938, involved only 2732 trap-nights. Because circumstances have prevented 
the accomplishment of more extended field work it was thought desirable to re- 
port this illustration of the method as far as it went 

Pairs of quadrats 10 yards square and 55 yards square, respectively, were 
trapped with ordinary breakback traps. The areas were, therefore, as 1 to 30. 
The small quadrat received 121 traps and the larger one 126 traps, approximately 
the same number, but spaced farther apart. The traps were set for four nights 
in most cases. One pair of such quadrats was in a forest of hemlock, yellow birch, 
and sugar maple, and two pairs in a forest of spruce, white pine, and white birch, 

total of six quadrats 


The catch comprised 15 


3 animals representing eight species. The catch and 
inalysis of results for the two more common species are presented in Table 3. 
The figures themselves must not be taken too seriously, but they serve to illus- 
rate how this method can be applied 

Clethrionomys gapperi.—The two 10-yard quadrats in spruce, white pine, and 
white birch forest disclosed 15 and 13 red-backed voles, respectively, and the 


o 55-yard quadrats caught 28 and 30, which confirms the uniformity of the 


habitat and populations. In this forest the average diameter of the home range 
of breeding females is estimated to be 51 yards, whereas the corresponding size 
is 120 yards in the hemlock-yellow birch-sugar maple forest. Some confirmatory 
evidence is found in the estimations of the home range of the young which are 
approximately in the same ratio to each other. The breeding females and young 
show good consistency in the catch and the results appear to have some reli- 
ability. Calculations for adult males were abandoned due to the great irregularity 
in the catch, which suggests that the adult males have larger and more irregular 
ranges of movement than do the adult females. Red-backed voles appeared to be 
many times more abundant in the spruce forest than in the hemlock type, 80 
individuals or 16 families per 10 acres in spruce forest compared with 14 indi- 
viduals or 33 


by con paring the ratios of the population figures with corresponding catch 


families in hemlock forest. Notice how misleading the catch can be 
figures. For making these rough estimates of population the adult males have 
been assumed to be as numerous as the breeding females. Attention is also drawn 
to the estimation of area of movement, percentage utilization, and number of 
animals overlapping. 
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Peromyscus maniculatus.—This species appeared to be more abundant in the 
hemlock type than in the spruce type, where the sample was too small for de- 
termination of range. In the hemlock type the size of range of breeding females 
was 120 yards and that of the young was of the same order of size. The popula- 
tion worked out at 30 individuals or 33 families per ten acres. Here again the 
uniformity of catch of breeding females and the irregularity in that of adult males 
shows up. The same condition was evident in Burt’s data already used in the 
study of accuracy 
{nother example Professor R. H. Manville of Michigan State College e#l- 
lowed the use of data on live-trapping which he did in northern Michigan in 
1941. The quadrats were 100 yards square with 121 traps at 10 yards spacing. 
On the map showing where each animal was caught nine sub-plots were marked 
out in a systematic manner, each 40 yards square, and the catch which would 
have resulted from each was read off the map. The average of the nine sub-plots 
used with the total catch of different animals on the 100-yard quadrat to 


Tal 1.—Red-backed vole, Clethrionomys gapper n white cedar swamp, in Michigan, 
t, 1941 PF “re f r 40-yard qua lrat are estimate jJrom map of the larger quadrat 
ADULT FEMALES ADULT MALES 
At ls caught, 100-yd. square, C 3 4 
\ ug! 10 square, ( 1.2 average 1.3 average 
I g imeter, R 92 yds 16 vds 
\ nge, H 1.3 acres 0.3 acres 
{ I { 100 1u \ 7.2 acres 4.3 acres 
( f 10) squ \ 3.2 acres 1.4 acres 
n pe 10 es. N j 9 
— 54 per cent 31 per cent 


the estimations in Table 4 by the Simultaneous Trap-line Method. It is 
realized that the above pairs of data are not independent; the figures for the 40- 
iadrats must be too small and hence the calculated range too small. How- 


é they serve to further illustrate the method 


RECOMMENDATIONS 


[t is recommended that trial trapping be done with two quadrats 96 and 160 
rds square and a line 300 yards long 


An annual stock-taking scheme should be based on a habitat type map of the 
region, on which suitable areas of each major habitat are selected for sampling 
by the simultaneous trap-line method. For such annual work the use of live traps 


would be desirable 


SUMMARY 


\ method is presented of estimating range of movement of a given species, 
age class, and sex of animal during the trapping period. From that and the num- 


ber of animals caught the density of population may be estimated. 
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? 


This Simultaneous Trap-line Method uses a pair of quadrats of widely dif- 
| ‘ 


ferent size or a quadrat and a straight line of traps. 


It is a relatively quick method which gives average data on range and popula- 
yq £ 


tion and is complementary to conventional live trapping which slowly gives in- 


dividual data on range and population. 


A start is made in assessing the accuracy of estimates of range of movement 


and of population density. This is essential for two reasons: Firstly, it is on in- 


formation of this sort that the most efficient use of trapping effort may be 


Jlanned; Secondly, a knowledge of the accuracy of population estimates is neces- 
I : £ ; po} 


sary to assess the significance of differences in results from year to year, from 


place to place, or habitat to habitat. 
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\ REVIEW OF THE STATUS OF WOODLAND CARIBOU (RANGIFER 
CARIBOU) IN ONTARIO 


By A. pr Vos AND RANDOLPH L. PETERSON 


Glover M. Allen (1942: 315) made the following statement in his “Extinct and 
Vanishing Mammals of the Western Hemisphere:” ““To sum up, the woodland 
caribou, once so common in the muskeg areas from Nova Scotia to western 
Minnesota and north to southern Labrador and James Bay, is now everywhere 
so greatly reduced that it is in actual danger of extermination.”’ 


Although it is generally conceded that two races, Rangifer caribou caribou 
and R. c. sylvestris occur in Ontario, the limits of distribution and taxonomic 
status of each remains yet to be thor¢ ugl ly studied Unfortunately, such studies 

nnot be carried out at this time due to the scarcity of specimens in collections. 
The only complete specimen from Ontario in the collections of the Royal Ontario 
Museum at present is a female collected in the Sioux Lookout district, 20 miles 
northeast of Red Lake on March 15, 1949. Other material consists of a few 
skulls and antlers 

In addition to published records, the following information is based on per- 
sonal interviews with local residents, data from the annual questionnaires of 
Royal Ontario Museum of Zoology, written reports of the staff of the Ontario 
Department of Lands and Forests and other personnel, as well as personal 


1 


neid 1 ork of the authors Individual observations of many co-operators are too 


} 


voluminous to include here, but are held on 


f 


file either at the Royal Ontario 
Museum or the Department of Lands and Forests 
We are especially indebted to Dr. C. H. D. Clarke, Supervisor of Wildlife 


Management, Department of Lands and Forests, and his staff who were most 


helpful in providing data on the present status of woodland caribou in the 
Provines 

Former distribution and abundance—Following glaciation in the Great Lakes 
rea, it would seem likely that the re-dispersal of caribou took place from both 


an unglaciated forested area of Wisconsin and a similar area south of the limits 


Ol glar al ice in northeastern United States It also seems reasonable to suppose 
that the two presently -recognized races originated from these two areas (R. c. 
caribou in the east and R. c. sylvestris in the west) to give a re-dispersal pattern 
similar to that found by Peterson (1950) in moose. On the basis of ecological 


succession it can be assumed that this reoccupation would have preceded that 


1an’s earliest historical records. 


of moose which, in turn, took place prior to white 1 
] 


Further studies along these lines are needed. In eastern Ontario, the N ipissing- 


Great Lakes system may have constituted a barrier to post clacial range expan- 


sion. No records are available to indicate that they occurred south of that 
system in recent times. However, at one time caribou of some kind occupied 
the southern Ontario region as evidenced by fragments found in interglacial 
deposits of that region. After the Nipissing-Great Lakes system gave way to 
the present system there would seem to be nothing to prevent caribou from 
crossing into the Parry Sound or Algonquin Provincial Park regions, but appar- 


ently they never did so. 
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From the time of early exploration by white men up to the close of the nine- 
teenth century the status of caribou is poorly known. A few scattered references 
in the literature seem to substantiate the assertions of older residents that 
caribou were abundant all across the north-central portion of the Province where 
over much of the area they were at one time the sole cervid. They were appar- 
ently abundant on Manitoulin Island at the time of white man’s early explora- 
tion of the area. The account of Nicolas Perrot (Blair, 1911: 221) indicating 
that 2400 moose were snared there by the Indians during the winter of 1670-1671 
almost certainly referred to woodland caribou, not moose. 

Several of the older residents were interviewed concerning the population level 
of caribou by the end of the 19th century. They indicated that this species was 
then more common or at least as common as the white-tailed deer is today in the 
same range. One interesting statement can be mentioned in this connection: Mr 
J. Cross of Sibley Peninsula, an area of approximately 110 square miles, estimated 
that the caribou population of the area was at one time at least 500 head. The 
present deer population might be estimated at approximately the same level 
Miller (1897) stated that caribou were very abundant on the north shore of Lake 
Superior. 

Among the original notes of Mr. Charles W. Nash, former Provincial Biologist 
for Ontario (1903-1926), the following appears in Nash’s handwriting in a note 
book headed “Order Ungulata” now on file at the Royal Ontario Museum of 
Zoology. The note appears to have been written about 1910 

“R. caribou—Caribou are very abundant on the north shore of Lake Superio 
where they replace the Deer and Moose of the Canadian Zones. I saw heads, 
antlers and jaws of Caribou at White River, Peninsula Harbour, Schreiber and 
Nipigon. 

“A wet pasture among the hills a mile or more northeast of Peninsula Harbour 
is a favorite feeding ground of these animals. Their fresh foot prints resembling 
cattle tracks were to be found every morning, but I only once saw one of these 
animals. The pale color of this Caribou’s sides and buttocks made him a con- 
spicuous object as he trotted leisurely about the edge of the marsh and among 
the stunted spruces and tamaracks with which it is bordered.” 

By the beginning of the twentieth century the woodland caribou seemed t 
be declining rapidly across the Province. 

In Fort Frances Forest District (Fig. 1) according to Snyder (1938) one resident 
reported the last caribou as having been seen in the southern part of Western 
Rainy River District in 1894. He records, however, that about 1911 a caribou 
was shot northeast of Emo between Carpenter and Burris townships. The last 
to be seen at the south end of Lake of the Woods, in Spohn Township, was in 
1916 

Around Fort Frances herds of caribou were not uncommon until about 1900. 
The last specimen seen in any settled part of the district was about twenty years 
ago. 

South of the border in Minnesota, caribou were comparat 1\ ely abundant about 


1855-65, but declined thereafter to the point where ten animals were obtained 
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1951 
m Saskatch n in an effort to “restore and, if possible, build up the herds 
tl ure Appare ntl , however, these too have disappeared, inasmuch as 
ecent efforts to obtain information as to their whereabouts have failed” (Surber 
n Swanson. Si her , 1 Robe 4 1945 ) 
In Kenora Forest District caribou started to disappear from the southernmost 


lentiful before 1915 along the east shore of 
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In the vicinity of Sioux Lookout caribou were apparently not present after 
1910. However, few small herds may have lingered on in the southern part of 
the Sioux Lookout Forest District until the present time. 


District, caribou were still numerous in the eastern 


Arthur Forest 








332 JOURNAL OF MAMMALOGY Vol. 32, No. 3 


section by the turn of the century. Dymond (Dymond et al., 1928) states that 
while the caribou was formerly the only deer found in the District, it became un- 
common especially after the construction of the National Transcontinental Rail- 
way across the north end of Lake Nipigon between 1908 and 1912. Caribou 
started to decrease on Sibley Peninsula after about 1907. The largest herd re- 
ported to have been seen there was one of 59 head. The animals were still a 
common sight on Black Bay Peninsula nine years ago. 

In Geraldton Forest District caribou were still numerous throughout its en- 
tirety by the turn of the century. Around 1907 they were still common on the 
islands in Lake Superior. One fisherman estimated that there used to be ten times 
as many caribou on the islands as there are moose now. 

While apparently still quite plentiful in Chapleau Forest District up to the 
turn of the century, the species faded away rapidly afterward. In Township 32, 
forty head were seen about 1900, but by 1914 none was thought to be present 
in that area. 

Snyder (Snyder et al., 1942: 119) gives the following information about th 
former distribution of the caribou in the Sault Ste. Marie Forest District: 

“Tt seems apparent that many years ago, before settlement, Woodland Caribou 
occupied some of the islands of the St. Mary River and the St. Joseph Channel 
and that they must have once travelled through the area of our 1931 survey 
Mr. James C. Perry told us that a small island on the Michigan side was known, 
at least locally, as Caribou Island. A lake east and north of Desbarats is named 
Caribou Lake. Mr. Hugh Erwin told us that an occasional caribou was said to 
be present in 1886 when he first settled there but it was prior to 1870 that they 
occurred with any frequency. In a letter on file in the R. O. M. Z. dated November 
26, 1904, Mr. Joseph Towley wrote to the late J. H. Fleming, from Sault Ste. 
Marie, as follows: ‘You were asking about caribou: They are quite plentiful on a 
range of hills fourteen miles north of the Soo; also on a range back of Echo Bay 
and Garden River, but I do not know of any points south of those mentioned 
They follow the highest ranges as a rule.’ Clarke (1938) states that according to 
old settlers the Pancake Bay area was once a fine caribou country. In the Toronto 
‘Mail and Empire’ for October 8, 1931, and in the Toronto ‘Telegram’ for March 
15, 1934, reports indicated an increase in Woodland Caribou to the north in 
this general section of Ontario.” 

During his travels (1760-1776) Alexander Henry reported finding caribou on 
Caribou Island, Lake Superior, and mentioned the presence of many skeletons 
(Quaife, 1921: 219-22). He also visited Michipicoten Island, but did not mention 
caribou. It is not known when the animals disappeared from Caribou Island, but 
today no big game animals, occur either there or on Michipicoten Island 

In Cochrane Forest District, caribou used to appear regularly in winter at 
Lake Abitibi until about 1921 (Snyder, 1928 

Further south in the vicinity of Ridout, Sudbury District, Soper (1920) found 
only stragglers, reporting that one animal was killed a few years earlier, but that 
they were then very rare. 


About the year 1775 caribou were listed as the sole big game animal of Lake 
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Nipissing by Alexander Henry (Quaife, 1921: 31). Later Murray (1857: 137) 
classed caribou as “by no means uncommon”’ for the same area. Other early 
records are given for the Ottawa Valley by Lett (1884). It is apparently not 
known just when the caribou disappeared from the Lake Nipissing region, but 
it seems almost certain that none was left by 1900. 

In Nash’s original notes (op. cit.) he wrote as follows: “In a letter of Oct. 3rd, 
1905, Mr. M. Carr, ex M P P for Parry Sound says: ‘During my 30 years stay 
in Parry Sound hunting all kinds of game, I have yet to meet a caribou or a man 
that has seen one. I do not believe they came so far south, the nearest I know 
of is New Liskeard and just now you cannot find them in that neighbourhood, 
but prior to settlement they were ther« 

“They are much more shy than even Moose and much more so than Deer. A 
friend of mine got some up the White River 20 miles north of New Liskeard and 
he says they can’t be found south of that point. They go in droves from five to 
twenty in a bunch’. (s Milton Carr”’ 

There is little information available concerning the population of caribou in 
Ontario during the last two decades. The annual reports of the former Depart- 
ment of Game and Fisheries contain very vague statements which do not seem 


be based on much field observation 


“Report of Special Committee on the Game Situation” sessional paper, 
No. 32, 1933, contains the following information (pp. 42 and 43): 

From the Report of District Superintendent Ward, Sioux Lookout (October, 
1932) we take the following statement: There appears to be little, if any, improve- 
ment in the numbers of caribou, an occasional small herd being reported north 
of Nakina, Tashota and Allanwater, at the latter place small bands or an oc- 
casional single one being seen both on the south as well as the north side of the 
railway, as is also the case from there west to the Manitoba boundary. Several 
small bands have been reported by trainmen as being seen south across the track 
near Farlane, while one trainman reported having seen one herd of over twenty 
this point 
District Superintendent Frazer, Fort William (November, 1932) reported: 
I beg to advise that a few scattered herds of caribou are to be found in different 
parts of this district, some in the country south of Dinorwic, between there and 
Fort Frances, and some around English River country, between Ignace and Fort 
William. There are also a few to be found north of Schreiber, between the C. P. 
R. and C. N. R. main line north, and a few on the Islands of Nipigon Lake at 
the north end. The main herds of caribou to be found in this district are, I believe, 
on the islands in the Superior Game Preserve; and from the best sources of in- 


formation available I would estimate this herd at between 50 and 75 animals. 
“District Superintendent Lyness, Sault Ste. Marie (November, 1932) also 


reported: There are plenty of caribou north of Amyot between the C. P. R. and 


the C. N. R. They have increased steadily in this section for the last few years 
and have spread east and west; a few have been seen in the west end of the 
Chapleau Game Preserve. 


“District Superintendent Parks, North Bay (December, 1932) reported: I 
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have to advise that a few of these animals have been seen in the vicinity of Oba. 
while a few others were located in the Townships of Moberly and Wilhelmina, 
about forty miles north of Timmins.” 

Present distribution and abundance.—The woodland caribou has disappeared 
from much of the southern perimeter of its former range. Figure 1 indicates the 
present distribution of caribou based on the more reliable sight records made 
during the period 1944-50 

Woodland caribou may be regarded as absent from Ft. Frances Forest District 
and practically so from the Kenora District except for the isolated smal! herds 
which are reported to persist in the area east of Lake of the Woods and in the 


northwestern section adjacent to Sioux Lookout Forest District. Herds w 
reported in 16 different locations in the latter District in the winter of 1949-50, a 


the part of the District situate | south of Sioux Lookout. VW hile occasional reports 


few comprised of as many as 100 head. The species likely has disappeared from 


come from the northeastern and central section, the animals seem to be most 
abundant in the western part of the District 

In Port Arthur Forest District caribou are absent in the southwest. They occur 
in small scattered herds in the eastern part of the District along the north shor 
of Lake Superior and on islands in Lake Nipigon. A few have been reported 


I 


between the two latter locations 
Probably less than a hundred caribou survive in the Geraldton Forest District 
These are found in small scattered bands throughout it. The population is ap- 
parently highest on the islands along the north shore of Lake Superior. The 
authors have observed animals in both the St. Ignace and Slate Island groups. 
In Kapuskasing Forest District few caribou survive. These are in the northern 


and western section 
Very few scattered herds remain in Cochrane Forest District. There is ap- 
parent]: a fan population in the adjoining portion of Quebec and undoubtedly 


there is some movement of animals across the Provincial boundary. It has yet 
{ 


to be determined whether or not the range is continuous from north central 


Ontario into Qu bec. A few years ago caribou were considered to have disap 


peared entirely from the east of a line drawn from the east end of Lake Superior 
to James Ba Allen, 1942; Anderson, 1947), but more recent reports would ir 
dicate POss bility that th range ma\ again be reg: rded as continuous or has 


actually rem 


\ few caribou seem to survive in White River Forest District 


For all practical purposes they may be considered now absent from their 
lorme! nge in the Forest Districts of Sault Ste. Mari Chapleau Cogama 
Timi kaming Sudbury, and North B L although n occ: sional traggle n 
possib! ander int the I nmo Cc I l tl resent n¢ I 
range 

In tl ( north of the organized Forest Dist known as th Patrici 
Porti ym ¢ Keno Cal occ! I \ idel 1 ( rds. The r re psent 
from a fringe along the udson B northwest part of the Provine 
bu till seem to be pres lose t tne es hore of Jam Bay. Reports indicate 
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that caribou occur along the Severn and Winisk rivers. Three caribou were ob- 
Da ea e . . P 
served north of Sutton Lake in January, 1949, which is the closest observation 
na. . re ‘. - 
to Hudson Bay reported in recent years. The Royal Ontario Museum of Zoology 
has specimens of shed antlers taken from the Arctic tundra area of Cape Henrietta 
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Fig. 2 Map of Ontario indicating an estimation of relative abundance of woodland 
caribou based on the 1948 and 1949 regular annual questionnaires of the Royal Ontario 
Museum of Zoo ogy 
al Maria where they are apparently now absent. A fairly good herd is known to 
, exist near the mouth of the Attawapiskat River. 
In the northwestern section of Patricia the picture is complicated by the ap- 
parent invasion of barren ground caribou (R. arcticus) during recent winter 
seasons, particularly in the Sachigo River area. 
A Province-wide summary of the more recent trends in the caribou situation 
nt 


is indicated in Figs. 2 and 3 which are based on the 1948 and 1949 results of the 
annual questionnaires of the Royal Ontario Museum of Zoology. Fig. 2 represents 
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ven, 1V0. 9 


an expression of the opinions of these regular observers regarding the relative 
abundance of the existing populations. Fig. 3 represents similar opinions on the 
trends in population changes. 

From Fig. 2 it seems quite clear that caribou cannot be regarded as generally 
abundant anywhere in the Province, but that the centre of greatest abundance 
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Fic. 3 Map of Ontario indicating an estimation of the 1948-1949 trends in woodland 


caribou populations 


lies in the northwestern section comprising Northern Sioux Lookout Forest 
District and the western section of Patricia. 

If Fig. 3 can be regarded as a true expression of fact, the general trends in the 
populations are encouraging. If an east-west line is drawn across the Province 
at a level joining the northern shores of Lake Abitibi and Lake Nipigon, the 
area to the north might be regarded as favourable for an improvement in caribou 
populations while that area to the south remains critical. 


It is extremely difficult to arrive at an estimate of the total populations of 

















earibou in Ontario today. Such an 
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estimate is made especially difficult because 


the poor coverage possible in the vast expanse of the Patricia area where the 
voodland caribou appears to h e it present stronghold South of a Lake 
Abitibi-Lake Nipigon line seems almost certain that there are no more than 


roximately three or four hund 
seems likely that there are at least 


that number. In other words, on ft 


red ¢ rib« u remaining. North of that line it 
1,000 animals, and possibly two or three times 


he basis of uilable information, the present 


caribou populations might be estimated at between 1300 and 3000. The encour- 
aging reports trom the northern pal the Province should be followed most 
loselv to determine more accurately the future trends of woodland caribou in 
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COLOR MUTATIONS IN A SMALL, PARTIALLY ISOLATED POP- 
ULATION OF POCKET GOPHERS (GEOMYS BREVICEPS 


By W. H. McCarey 


A series of twelve pocket gophers (Geomys breviceps) from a locality five miles 
southwest of Colbert, Bryan County, Oklahoma, show four apparently inde- 
pendent mutations. These pocket gophers came from a colony estimated to be 
comprised of eighteen individuals on March 3, 1950, the date this work was 
completed. Deep alluvial and red clay soils combine with two continuous creeks 
to form ecological barriers which serve to keep this small population partially 
isolated from other populations of the same species 

The relationship of the barriers to pe cket gophe dispers: | in the area occupied 
by the small population is shown in Figure 1. Area I is wooded. This are 


gumbo soil was subject to flooding prior to 1946, and was covered with water 


during all except the summer months. Areas II and III are hillsides that | 
been eroded down to the characteristic red clay of this region. Area IT is possil hy 
of sufficient width to restrict the movements of gophers, since it is approx 
mate ly 50 to 75 yards wide. I doubt that area III, which is only 15 to 20 yards 
vide, would seriously limit their dispersal. Area IV is forested. The soil is : 
sandy loam, easily worked by gophers, although I was unable to find any e 
dence of their activity here. Area V is a cultivated field of sandy loam, and while 
the gopher are not active in this area, it does not constitute a barrier. Sandy 
Creek is a continuous stream maintaining a flow of water two to three inches 
deep and four to five feet wide. This creek has had water in it continuously sinc¢ 
1936. The drainage ditch was dug in 1946, and it has had a continuous flow of 
vater six inches to one foot deep and approximately three feet wide since tha 
date. While these streams may not be complete barriers they would certainl) 
impede the distribution of the pocket gophers 

The four mutations occurring in the gophers from this locality are shown i 
Table 1. 

The grizzled mutation is the most prominent and is apparently similar to the 
mutation described by Clark (Contrib. Lab. Vert. Gen., U. of Mich. No. 7, 
1938) in the deer mouse (Peromyscus maniculatus). Specimen number 1972 
exhibits this mutation to the greatest degree. This specimen is over-all whit 
with a very lew scattered brown hairs. Number 1545 is a darker specimen, wit! 
a larger proportion of brown hairs. In this specimen, the greatest concentration 
of white hairs is in the cephalic region. The sites of capture of these two indi- 
viduals are indicated on Figure 1. It is interesting to note that this mutation 


was observed to occur only on the south side of Sandy Creek. The sites of cap 
ture were 175 yards apart with the drainage ditch acting as a separating barrier 
Since the drainage ditch was not present until 1946, there are two possible ex- 
planations for the presence of this mutation in the two separate areas. Kither 
the gene responsible for this condition was present in both areas before 1946, 
or the mutation has occurred since 1946. If this mutation did occur after 1946, 
the question arises as to how a gopher crossed the drainage ditch to disperse the 
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mutant gene from the point of origin. It is possible that a gopher crossed the 
bridge spanning the ditch. If not, it must have swum the creek. 

The mutation involving a single white dorsal head spot is manifested by three 
of the twelve specimens. The catalog numbers of these individuals are shown in 
Table 1, and the places of capture are shown in Figure 1. The sites of capture 
of all these pocket gophers are also on the south side of Sandy Creek. I have 
examined a series of 57 other study skins of Geomys breviceps from nine localities 
in Texas and one locality in Oklahoma. Only one skin from this series shows 


this mutation. This gopher was collected within the city limits of Colbert, 























Fig. 1 1 of Geomys Ore e} five miles southwest of Colbert Bryan 
Cou O 
Oklahoma. It is possible that this mutation is fairly common in this region as 
very little collecting of Geomys has as yet been done in this part of Oklahoma. 


The mutation involving the double head spot is present in seven of the twelve 


pocket gophers collected from this locality nimals showing this mutation were 
ken on both sides or san ly Creek and on both sides of the drainage ditch. 


ier Geomys brevice ps examined 


t 
~J] 


This mutation was not present i 
] 
from Texas and Oklahoma. 


The whit spotting of the ventral surface is 


nanifested in varying degrees, 
: . ’ 1: 
ranging trom a white area around the mou nd axilla to an over-all whiteness 


of the ventral surface. This mutation is expresst d in all twelve of the specimens 
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from this locality. The spotting of the ventral surface seems to be relatively 
common in this species of Geomys, since 46 of the 57 specimens examined from 
other areas exhibit this condition. However, the two specimens of Geomys 
from Colbert, Oklahoma, do not show this mutation. 

Since three of the mutations present in this locality are not common else- 
where, and two of these three mutations are confined to areas south of Sandy 
Creek, it would seem that the creek and tight soils form fairly effective barriers 
The expression of a comparatively large number of presumably recessive muta- 
tions in such a small partially isolated population would indicate that a con- 
siderable amount of inbreeding has occurred. This inbreeding in a small breeding 
population has resulted in the manifestation of recessive mutations which other- 
wise would not be expressed phenotypically in such a high percentage of the 
population 

\ striking color-pattern mutation is apparent in a female pocket gopher col- 
lected October 15, 1949, by Dr. W. F. Blair and party, seven miles east of Lytle, 
Atascosa County, Texas. This mutation appears as an irregular pattern of white 


nn . ns sa , : , = : ° . 7 
TABI The distribu n of four pelaae ¢ or mutation na series of pocket gopher colle 


} 


five miles southwest of Colbert. Bruan County. Oklahoma 


ATALOG NUMBERS OF GOPHER 


. 1544 |1545 |1546 |1547 |1972 |1973 |1974 11975 1976 ly 77 
Griz X xX 
Dorsal head spo xX xX X 
Double head sp a xX xX X X 
Vent sp I : a a a ae” “oe a. a, a 


hairs on the dorsal and lateral surfaces of the head. On the left side of the head 
the white area is solid, extending from the nostrils posteriorly on the dorsal 
mid-line to a point even with the ear, and laterally forward from this point to a 
position below the eye on the dorsal edge of the external pocket, thence, in a 
straight line to the nostril. On the right side of the face there is a stripe of white, 
15 mm. wide, which is continuous anteriorly with the larger white spot. This 
stripe extends from the nostrils laterally and posteriorly to a point halfway 
between the eye and ear. The entire white area is very sharply separated from 
the natural russet brown of the rest of the pelage. This specimen is the only one 
of fifteen female and thirteen male pocket gophers from this locality to exhibit 
such a condition. This mutation appears to be one that affects pigmentation, 
principally on the left side of the head, as the large white spot extends to ap- 
proximately the mid-dorsal line of the head. This appears to be a different 
mutation from those described from the Oklahoma population. The Texas 
gopher was taken from a large, continuously-distributed population. Dispersal 
and outbreeding under these population conditions may account for the fact 
that only a single individual was found with this mutation expressed in the 
phenotype. 
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Summary.—Four apparently independent pelage color mutations are ex- 


pressed in a partially isolated colony of pocket gophers (Geomys breviceps) 
from Bryan County, Oklahoma. Approximately eighteen individuals comprised 
the breeding population of this colony. It is believed that this partial isolation 
has resulted in a large amount of inbreeding. This inbreeding has resulted in the 
phenotypic expression of these presumably recessive mutations. 

One pocket gopher collected in Atascosa County, Texas, from a continuously- 
distributed population exhibits a pelage color mutation which is restricted to 
the cephalic region 

[ am indebted to Dr. W. F. Blair for aid in preparation of this paper, particu- 
larly the section dealing with the mutation from Atascosa County, Texas. 


Department of Zoology, University of Teras. Austin, Texas. Received October 6. 198( 


WARM WEATHER FOODS OF THE RACCOON IN NEW YORK STATE 


By W. J. Hamiuton, Jr. 


1 ] 


lhe food of the raccoon, Procyon lotor lotor (Linn.), has been studied by several 
investigators. Most reports on the dietary of this animal emphasize the late fall 
foods, since at this season material for study is more accessible to the investigator 
Numbers may be obtained from hunters and trappers during the open season. 


Upportunit' is limited for food study at other s¢ isons except through the analyses 


of scats. Droppings do not give as good an index to the food as do stomach 


contents, since some foods are so thoroughl) digested (earthworms, slugs that 


the items either do not appear in fecal remains or are often so fragmentary that 


identincation 1s impossible . Amore nearly exact study of foods may thus be made 
by examination of stomach contents 

Dearborn (1932), Giles (1940), and Yeager and Rennels (1943) have listed the 
foods of raccoons through scat analy ses. Giles op. cul has made a seasonal food 
study of Iowa raccoons. Grimm and Roberts (1950) examined 41 fall and winter 


+nr 
Stor 


nachs of late fall and winter-killed Pennsylvania animals. Prominent foods 
in the late summer and early fall included wild black cherry, pokeberry, and 
wild grapes. These authors report that two early June specimens were gorged 
with the nymphs and adults of seventeen-year cicadas, and add that in late June 
the raccoon feeds principally upon Amelanchier. Elsewhere (Hamilton, 1936 
I have recorded the late fall and early winter foods of 127 New York raccoons 
Summer food is based on the examination of 163 scats collected on the Monte 
zuma Marsh of central New York (Hamilton, 1940). The present investigation 
supplements these earlier observations and, when combined with the other 
studies, presents a seasonal picture of the foods of New York raccoons. 
Ninety-four animals containing food in sufficient quantity for analyses were 
collected from April through early October. Most of the specimens were taken 
from 1947 to 1950, although a few were collected in 1940. Of the total, two were 
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Plant remains occurred in 74.5 per cent of the stomachs and constitute 58.7 
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consisting of the tail, part of the dorsum, and several ventral plates, had been 
eaten by a raccoon trapped at Fallsburg, New York, in early September, 1948. 
Whether the rattler was killed or eaten as carrion is problematical. 

Molluscan remnants, particularly slugs, are not evident in scats, hence the 
added value of stomach analyses. Of the snails, T'riodopsis and Planorbis are 
include 1 in the food. while slugs. Veroceras reticulatum. h 1 been eaten t VIC 

Remains of a meadowlark, a few breast feathers of a cock pheasant, and a 
trace of an unidentified fringillid comprise the bird remains 

No crayfish were found in the stomachs of the animals, : surprising fact when 
it is known that the raccoon often eats these crustaceans in large numbe 
Summary.—Stomach analyses of 94 New York raccoons taken from April 
through early October are discussed. Plant remains occurred in 74.5 per cent ol 
the stomachs and constitute 58.7 per cent of the bulk. Animal remains were 
found in 67 per cent of the specimens and comprised 41.1 per cent by volume of 
all foods eaten. Fruits, grains, and green grasses constituted the plant foods, 
while insects, mammals, earthworms, amphibians, reptiles, molluscs, and birds 
were the principal animal items. No crayfish were recovered from the stomachs 
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the area is covered with snow which may reach a depth of six feet during a severe 
winter, but averages about three feet. 

From approximately 2000 to 5500 feet elevation the vegetation is primarily 
an old Douglas fir (Pseudotsuga taxifolia) forest. In some areas seepages in the 
steep slopes provide sufficient moisture for small meadowlike areas. Such mead- 
ows include the Glade, above the caves on Sand Ridge, and the area around the 
Big Tree, a Douglas fir twelve and one-half feet in diameter, about a half mile 
east of the caves. Along the small streams, western yew (Taxus brevifolia), 
Port Orford cedar (Chamaecyparis Lawsoniana), and Oregon maple (Acer macro- 
phyllum) are found in association with the Douglas fir, while on the drier, 
southerly-exposed slopes, yellow pine (Pinus ponderosa), tanbark oak (Litho- 
carpus densiflora), chinquapin (Castanopsis chrysophylla), and madrone (Arbutus 
Menziesii) are found with the commoner fir. Underbrush is scarce, and in the 
pure fir forest the ground is practically bare of living plants. A shrub layer, where 
present, is usually found in more open areas, and may be represented by a typical 
chaparral growth where the soil is thin, as over subsurface rocks. 

Above an elevation of about 5500 feet, the dominant Douglas fir is replaced 
by mountain hemlock (T7'suga Mertensiana), with white-bark pine (Pinus all 
caulis) and white fir (Abies concolor) as the associated species. Around the lakes 
are large herbaceous meadow areas. The ridges, especially their southern expo- 
sures, are dry and rocky, and support a low chaparral growth. 

Because it is illegal to collect specimens in a national monument, most work 
was done by direct observation. Some specimens were taken, either from outside 
the monument or as animals killed within it by accident. Identification is 
consequently t ) species only , except in such fairly OD\V ious cases as the blackt iil 
deer. All specimens taken are now in the Oregon State College Museum of Natural 
History, unless otherwise indicated. Plant identification follows Peck (1941 


ACCOUNTS OF SPECIES 


Sorex vagrans Baird. Vagrant shrew.—Two male shrews of this species we1 
during the summer, July 9 and 27, 1948. Both came from open or forest areas, near ro¢ 
outcrops, on north to northwest-f icing slop s 

Myotis yumanensis (H. Allen). Yuma bat.—Two male specimens were obtained or 
August 12 and 20, 1948, respectively. The first came from the basement of the hot« the 
second from the exit tunnel 

Myotis evotis (H. Allen). Big-eared | at A male of this species was killed July 
1948, in the hotel dining room 

Myotis thysanodes Miller. Fringe-tailed bat 4 male with testes descended was 
caught in the exit tunnel September 4, 1948. This specimen has been sent to Dr. Seth Ber 
son, at the University of California. There are only two previous records of this species 
from Oregon, to my knowledge, both taken in Tillamook County by Mr. Alex Walker, o 
September 13, 1928, and August 3, 1940 

Corynorhinus rafinesquei (Lesson). Long-eared bat On August 26, 1948, a male with 
testes descended was killed in the basement of the hotel 

Lasionycteris noctivagans (Le Conte). Silver-haired bat.—Jewett (1926) reports that this 
species was abundant at the caves, but no sign of it was found in 1948 

Ursus americanus Pallas. Black bear.—Bears were seen throughout the summer, espe 


cially at the garbage dump. Both black and brown phases were observed in a ratio of about 
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3:2. Although seen only in the timber, tracks showed that they also traveled the ridge 


Bassariscus astutus raptor (Baird). Ring-tailed cat.—Although absent in recent years, 
Mr. Rowley reported that these animals had occurred in the resort area in the past, and 
that he had tamed three of them one winter 

Martes caurina Merriam. Marten.—Forest Service reports indicate that martens are 

bundant, but Mr. Rowley stated that they were not common, although still present 


higher parts of the mountains 
Maries pennanti (Erxleben). Fisher—The 1939 Forest Service report states that this 
specie s either very rare o1 no longer occurs hers 


Weasels have been seen occasionally 





Mustela frenata Lichtenstein. Long-tailed v 
t vicinity of the resort, according to Mr. Breitmayer 
Mustela vison Schreber. Mink Mr. Rowle eported that mink were formerly trapped 


n small numbers along the streams 

Spilogale gracilis Merriam. Spotted skunl In early June a spotted skunk was seen 
the steps of the gift shor Another (or the same one was noted in a woodpile in the 

te sement during Jul 
Vulpes fulva (Desmarest ted fox.—Mr. Rowley says red foxes occur in the area, but 
ymmon. Walling (1884) reported that silver foxes were occasionally trapped in the 
Canis latrans Say. Coyot Several times during the summer the night clerk in the 

~ coyotes around the garbage can t the kitchen entrance. Two were seen on Sep 








9, 1948, at 3:30 a.m. Tracks and droppings were frequently seen along Sand Ridge 





v ling to the Forest Service report for 1945, coyotes killed a beaver at Upper Biglow 
l n that year. Steel (1890) reported hearing a coyote at the caves in 1888 
Canis lupus fuscus Richardson. Wolf.—According to Mr. Rowley, a pack of about nine 
roamed the area between 1910 and 1915. To his knowledge, the last wolves seen were 
ck of seven, observed crossing the road near Williams by Dr. Loughridge of Grants 
1923. In the Oregon State Game Commission Biennial reports, one wolf was turned 
pount payments in Jackson Count idjacent to the east, almost every year from 
192 » 1932. In the 1933-1934 period, twelve were reported bountied, but none since that 
Wolves were reported seen in the high Siskiyous by foresters or cattlemen in the 1934, 
1937 nd 1938 Forest Service reports 
Felis concolor True. Mountain lion \ lion was seen crossing the highway a few miles 
be the caves three times during 1948. These animals are often hunted with dogs by local 
Lynx rufus Schrebe Bobcat Fresh bobcat tracks were seen in the snow near the 
re n January and December, 1948, by Mr. Breitmayer. The form in the caves area may 
ntergrade between californicus and fasciatu 
Citellus beecheyi douglasi (Richardson Seechey ground squirrel.—Several ‘“‘graydig 
gers’? maintain themselves in the resort area by begging for peanuts. They occur also along 
the highway, but nowhere else 
Citellus lateralis trinitatis (Merriam). Mantled ground squirrel.—This species was ob 
ser) in the resort are it the garbage dump, and along the slopes and ridge just south 
per Biglow Lake. Two males and a female were picked up as fresh road kills from the 
| g area on June 21, July 1, and August 23, 1948, respectively. The female had very thin 
fur, pale in color. Young animals were first observed on July 13 
Eutamias amoenus ochraceous Howell. Yellow pine chipmunk.—A male and a female 
lected August 13, 1948, from the ridge near Mt. Elijah. The male was in the bright 
Summ age, but the female was still in the gray winter fur. Her nipples indicated recent 
nursing 
Eutamias townsendi siskiyou Howell. Townsend chipmunk.—Observed throughout the 


forest, and at the resort. A female collected August 19, 1948, showed evidence 


ot recent nursing 
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Tamiasciurus douglasi Bachman. Chickaree.—Seen and heard throughout the Douglas 
fir. An adult male collected August 4, 1948, at the garbage dump showed the beginning of 
a molt at the shoulders. Some of those seen had white undersides, some yellowish or orange, 
apparently indicating an intergrading form 

On June 21, two were observed in a courtship chase, running spirally around a small 
fir trunk for several minutes. Finally the female stopped, clinging to the tree with head 
pointed upward. The male then mounted from below, dog fashion, holding tightly to her 
and not to the tree 

One individual, which ranged in the trees near the hotel, was twice observed to chase 
after young mantled ground squirrels on the ground, catch them, and kill them by rolling 
them over and over, biting at throat and head 

Sciurus griseus Ord. Western gray squirrel.—This form occasionally wanders up to the 
caves from the valley. Two were seen at the parking area in July 

Glaucomys sabrinus Shaw. Flying squirrel.—On August 6, 1948, a tourist brought in t 
terminal two-thirds of the tail of a flying squirrel which had been found on a trail near the 


1€ 


Big Tree. 
Castor canadensis Kuhl. Beaver.—The Forest Service planted eight beaver in Upper 
Biglow Lake in 1935. The colony still exists, but has not spread, apparently due to unfavo1 


able food conditions in the surrounding country. The population is now estimated at about 
twenty individuals, and they have constructed one large lodge, two small dams, and several] 
bank houses. Food now includes manzanita twigs and water lily stalks. The willows which 
formerly grew along the lake shore have been practically exterminated. 

Peromyscus maniculatus (Wagner). White-footed mous« \ very common species about 
the resort and in the surrounding forest, being found up to the summit of Lake Mountain 
Judging from published range maps, the form at the cave is probably an intergrade between 
gambeli and rubidus. Mice are frequently seen inside the cave, but if resident there, the only 
food available to them would be the candy wrappers dropped by the tourists. Three speci- 
mens were taken through the summer. On July 15, 1948, two young mice, furred, but with 
eyes still closed, were found on the road in front of the hotel 

Neotoma fuscipes fuscipes (Baird). Dusky-footed woodrat A young female was caught 
August 15, 1948, in the gift shop. Others were often seen and heard in all the resort buildings 
Nests of rats were found in the attic of the guide’s quarters, between the ceiling beams 
They resembled bird nests in that they were built of leaves and sticks, and each had a 
shallow depression six inches in diameter, lined with grass 

Neotoma cinerea occidentalis (Baird). Bushy-tailed woodrat.—One specimen, a male, 
was collected September 14, 1948, at the edge of a small stream west of the resort area 
Another was seen running along a steam pipe in the hotel basement 

Phenacomys longicaudus True. Red tree mouse.—A juvenile male was killed in the 
guide’s quarters August 17, 1948. A few white hairs were present at the tip of the tail 

Clethrionomys californicus (Merriam). Red-backed mouse.—On August 6, 1948, an adult 
of this species was seen in bright sunlight as it carried a hairless young across the trail from 
the cave exit, holding it by the abdomen, its feet pointing upward. The adult was observed 
from about six feet away, and the dark gray coloration and reddish back were readily seen 
for several seconds 

Ondatra zibethica (Linnaeus). Muskrat.—On October 15, 1948, Mr. Breitmayer killed 
a muskrat in the small pool just outside the hotel. It was probably a wanderer from the 
valley, where this species has been introduced 

Aplodontia rufa (Rafinesque). Mountain beaver.—Burrows of mountain beaver were 
found at the Glade, the Big Tree, and in the ravine above the resort. A half-grown specimen 
was found in the Ghost Chamber of the cave, 800 feet from the nearest known opening 
It had been dead for several days and mice had chewed parts of it, but the skull was saved 

Zapus trinotatus Rhoads. Jumping mouse.—Mice of this species were seen three times, 
twice in the employee’s quarters and once along Cave Creek below the hotel 

Erethizon dorsatum (Linnaeus). Porcupine.—A porcupine was seen early in June along 
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a trail west of the resort. Various reports indicate that the porcupine occurs, but is never 
common. 
Lepus americanus Erxleben. Snowshoe Hare.—Hares were seen several times during the 


summer at the cave exit, under the cabins above the gift shop, and along the trail above the 
guide’s quarters 

Sylvilagus bachmani (Waterhouse). Brush rabbit.—On July 3, 1948, a small dark rabbit, 
prob ibly of this species, was seen in a madrone and rhododendron thicket above the parking 


Cervus canadensis roosevelti Merriam. Roosevelt elk.—Walling (1884) says that in 
earlier days elk were common in the Siskiyous, but by 1884 had been much reduced and 


confined to the more inaccessible parts of the mountains. At present they are restricted 
more to the coast, but Forest Service reports indicate they occasionally drift inland 
> } R | 


Odocoileus hemionus columbianus (Richardso1 Blacktail deer.—The Forest Service 
feels this area is one of the best in the Siskiyou National Forest for deer, and they are seen 


fairly commonly at all elevations The largest Si! gle group, composed of nine deer, was 
seen March 18, 1948, behind the hotel. One old buck, identified by a slit ear, has visited 
the resort area for at least thirteen years 


DISCUSSION 


As has been pointed out in the introductory paragraph, the Siskiyou Moun- 
tains are a region where representatives from several faunal areas mingle. In 
order to facilitate a study of this mixture in the area covered, it must first be 
broken down into its component parts. As a guide in such an analysis, which 
appears below, the examples of Merriam (1892) and Gordon (1947) have been 
followed 

Thirty-nine species have been mentioned as occurring at the caves, but only 
thirty-two can be considered in this analysis. The five bats are here disregarded 
due to insufficient knowledge of their ranges or habitat requirements. Beaver and 
muskrat are both introduced species, and hence must be discarded for this 
analysis. 

Boreal and austral elements are both noticeably present at the caves. In 
addition, it is clear that three areas have been the immediate sources of much of 
the fauna. These are the coast ranges, the Cascade—Sierra Nevada system, and 
the California valley. Three forms may be considered endemic, at least sub- 
specifically. A fifth group is composed of wide ranging forms whose immediate 
origins cannot be traced. The tropical element is represented by the porcupine, 
having as its immediate origin the Cascade-Sierra Nevadas. This analysis is 


outlined below. 


Coast Range (15.6 per cent 
Boreal element: Sorex, Mustela frenata, Phenacomys, Cervus 
Austral element: Odocoileus 

Cascade-Sierra Nevada (28.1 per cent 
Soreal element: Martes caurina, Martes pennanti, Vulpes, Tamia- 

SCLUTUS, Glaucomys, Cle hrionomys., A plodontia, Zapus, Le pus 

Austral element: (none 
Tropical element: Erethizon. 

California valley (15.6 per cent). 
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Boreal element: (none 
Austral element: Bassariscus, Citellus beecheyi, Sciurus, Neotoma fus- 
ctpes, Sylvilagus. 
Endemic (subspecies level) (9.4 per cent 
Joreal element: Hufamias amoenus, Eutamias townsend. 
Austral element: Citellus lateralis 
Undetermined origin (28.1 per cent 
Boreal element: Ursus, Mustela vison, Canis latrans, Canis lupus, 
Felis. L {7a 
Austral element: Spilogale, Pe romyscus, Neotoma cinerea. 
Totals 
Soreal element: 65.5 per cent 
Austral element: 31.3 per cent 


Tropical element: 3.1 per cent 


As can be seen, the mammals at the caves are largely boreal in origin, and the 
Cascade-Sierra Nevada system has been the immediate source of most forms. 
Strong elements from both the coast ranges and the California valley are present, 
however. This mixture of elements is no doubt due to the variety of habitats 
available in the caves area, including mature forest, moist streamside forest, 


meadow areas, and dry chaparral. The interconnecting system of mountain 


ranges forming the Klamath mountain system has played an important part 
in providing travel routes for montane forms 
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The University of Michigan Museum of P 
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PPER PLIOCENE OF KANSAS 


field party spent the month of 


Ju 1950, working an Upper Pliocene deposit in Meade County, Kansas. The party con- 


sisted f Thomas M Oelrich, Dwight W Ta TY 
Claude W. Hibbard 











umes Rogers, Thomas Sparrow, and 





Among the material recovered is the right ramu jumping mouse. This is the first 
the family Zapodidae from the Up} Pliocene of North America. It adds another 
I to the well-kno Re 1 faur he ramus differs from that of other known 
8 s of Zap 
Zapus rinkeri s| ( 
H No. 27036, Universit f Michigan, Museum of Paleontology, right ramus 
M,.-M idult. Collected in the su r 195K the University of Michigan 
MM Paleontolac field part 
H ty) ty.—Upper Pliocene, Rexroac tion, Rexroad fauna. Locality 
M-I 7,1] ( yn, sec. 35, 7 R. 30W, XI Ranch, ) le County, Kansas 
A ju nous t 1ore mass er M n is found 
Rec ecies lhe external reentrant teeth are broader and not 
é s t ent forms of Za 
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I the incisor and the ce : ssin he entir imus is 
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Therefore, the mental foramer ippears re eal Or he lorsal 
he diastemal region than on the labi he is. The incisor has a greater 
idth than in the Rec forms, and is exter 1 well into the ascending ramus 
lhe anteroposterior length of the occlusal surfac M.-M; is 4.3 mm. This tooth-row 


is distinguished bv the 
reentrant valley of M; and Me. The M;, of Zap 


anterior part of Vl; Is nearly as wide as the 


yreater transverse width oO! 


\I Che 
to be shorter crowned than the teeth of Recent forn 


not extend as deep vertically into the side « 


the teeth of Recent forms of Zapus M possesses 


length than that tooth in the Recent species of Z 





allow 

The occlusal enamel pattern of the teeth can be 
Recent Zapus 

The species is named for the late Dr. Glen Clark 
contributed to our knowledge of Recent vertebrate 


ternal reentrant valley than in Recent for 


lengt s observed in Zapus princeps Allen and Zapus trinotatus Rhoads. Zapus rinke 
\ 


I nd the broad d shallow external 
I he same occlusal length as 

pos ( The teeth do not seem 

1S Che internal reentrant enamel val 


f the crown of the teeth as they do in 
greater anterotransverse width and a 


ms. M; has a greater anteroposterior 


upus. The external reentrant valley is 


ipproximately duplicated in a series of 


Rinker of Hamilton, Kansas, who has 


s for the past 50 years and who was a 


member, a number of times, of the University of Kansas paleontological field parties. 
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Remarks.—The specimen has been assigned to the genus Zapus instead of Napaeozapus 
because of its generalized enamel pattern which is like that of Zapus. The enamel pattern 
of Napaeozapus is more complicated and the reentrant valleys are more compressed than 
in Zapus 

Zapus rinkeri is part of the well-known Rexroad fauna. For a discussion of associated 
forms see Hibbard (Contrib. Mus. Paleontol., Univ. Michigan, vol. VIII, no. 6, pp. 112-192, 
5 pls., 23 figs., 1950 

The family Zapodidae is poorly known from Cenozoic deposits in North America. The 
earliest form of the Zapodinae known in North America is Pliozapus solus Wilson from the 
Middle Pliocene of Smiths Valley, Nevada. Zapus rinkeri cannot be considered as bridging 
the gap between Pliozapus and Zapus though it does possess the broader and shallower 


external reentrant valleys of the lower molars which occur in Pliozapus, but the teeth are 





hig 
from the Pleistocene deposits of North America. Zapus burti Hibbard is known only from 


her crowned and possess a dental pattern of Zapus. The genus Zapus is poorly known 
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t ») Speci have in common broad shallow ext n ree } alley on M, and M Za 
b possesses Ol! t internal reentrar ul poste to the anterior loop on M 
though t teetl e those « oun lult. ‘T is in ¢ rast to the dental patt 
Zap nkert where the teeth show a greater amour : | the third posterior inter 
reentrant valley is evident from the lingu | M 
Gad! und Gazin (U.S. Nat. Mus. |] 17 938 | Zap sp. based o 
i right ramus from the Cumberland Cave ftaur of Marvlat here it v taker aan 
ciatio ith Napaeo p r ) yn Mill ( ¢ rte Zan hudso f m the 
Port Kennedy Cave fauna (Pleistocene) of Pennsylvar 
[ am grateful to Dr. Robert W. Wilson of the University of Kansas, Museum of Natur 
Histo for permission to restudy and refigure the holotype of Z burti. The illustrations 
of this paper were made possible by the financial support of the Faculty Research Fund of 
the University of 1igan.—CLaupE W. Hrissparp, Unive ty of Michigan, Department 
of Geolog inn A Vichigar Received Decembe 13, 195 
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ever barrier effect is offered by the one-half mile to one mile width of the river, have ap 
parently effectively isolated the Richards Island population. 

In size, arcticus resembles aphorodemus, the other tundra-inhabiting race of the species, 
but is geographically separated from it by many hundreds of miles of tundra in which the 
species is unknown. The similarity in size may be chance, or it may be a parallel response 
to tundra conditions 

I am indebted to Dr. H. H. T. Jackson, United States National Museum, and to Mr 
Earl Godfrey, National Museum of Canada, for the loan of specimens of aphorod 
also to W. E. Stevens for field assistance.—I. McTaccart Cowan, Dept. of Zoolo Uy 
British Columbia, Vancouver, B. C. Received April 12, 1951 


KEEPING BRITISH SHREWS IN CAPTIVITY 
Pearson (Jour. Mamm., 31: 351-52, 1950), publishes a welcome note on keeping shr 
in captivity. The widespread belief in the ‘‘delicate’ 


’ 1 . ' 
nature olf shrews originated ma 





in the writings of the early British naturalists at the turn of the century. Dagleis} 


Zoologist, ser. 4, 8: 425, 1904), for example, writes: ‘‘They are very sensitive, and ea 
killed from shock as I can vouch. Wishing one year to procure living specimens, | 
old fashioned wooden mouse traps, but always found the shrews dead in them, and sup; 
they died of pure fright.’ Lionel Adams (Wild Life, 1 (2): 82-87, 1913) reports: ‘‘] 
indisputable fact that shrews are very easily frightened to death. I have myself found them di 
beside traps which had snapped without touching them, while Mr. English has recor 
more than one instance of a sudden noise proving fatal to his captives.” 

Pearson suggests that these ideas may have originated in observations on except 


individuals This may be the case, as one occasionally finds that a mouse or vole v1 a 


when handled. I consider it more probable, however, that they arose from a lack of uppre 
ciation of the food requirements of shrews, coupled with observations on semi-starve 
individuals. This is supported by the remarks of Barrett-Hamilton (A History of Britis 
Mammals, 1910): ‘‘Anyone who has watched the gait of shrews of any species at clos 
quarters, as in captivity, through glass, cannot fail to have been struck with the ext 
feebleness displayed. They totter in every movement, exactly as if they were suff 
badly from rickets; their legs barely support their weight, and they continually stu 
over the slightest obstruction such as a small bit of moss or grass, so that in the cas 
freshly caught individual one can hardly persuade oneself that one of its le 


gsisn rokel 


The rapid and energetic movements of a healthy shrew cannot be described in such terms 
but a semi-starved shrew usually suffers partial paralysis of the forelimbs, when its mov 
ments correspond exactly to this description. Many individuals in the last stages o 

tion and exhaustion react to sudden disturbance or handling with a final burst of apparent! 


normal activity. In a matter of seconds this last effort terminates abruptly in the anim 


collapse and almost instant death. If starvation has proceeded so far that the shrew is u 
able to take proffered food, it may sometimes be revived sufficiently to feed by gently forcin 
the ingestion of a few drops of a warm strong solution of Glucose-D (a patent preparatior 
consisting of pure glucose with added vitamin-D and mineral salts). If starvation has pro 
ceeded too far, the handling involved in forcing the pipette into the animal’s mouth brings 
about its death. The mute rapid collapse in the hand, of a frantically active shrew, would 
provide convincing evidence of incipient ‘‘weakness”’ if one were not familiar with the lac 
of effect of similar or more strenuous handling on well-fed individuals. 

Pearson reports success in converting Blarina brevicauda, Sorer cinereus, S. ornatus 
S. vagrans, S. pacificus, S. trowbridgei, S. palustris, and Cryptotis to a diet of meat, liver, 
and cereal. Neomys fodiens, Sorex araneus, and S. minutus may be maintained on a similar 
diet, but in England, under rationing, meat and liver prove to be more difficult to obtain 
than invertebrates! My laboratory stocks were kept on a diet of earthworms and oats 
supplemented largely by mouse and vole corpses. Initial failure proved to be due to lack 


of grain. It is necessary to supply ample drinking water. On one occasion, when short of 
suitable food, I offered fish, which was eagerly devoured. The food should preferably be 
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given in small quantities at frequent intervals. If the day’s rations are given at the first 
feeding, the shrew may gorge itself in the morning and starve in the afternoon. Sorex araneus 
and S. minutus require their own weight of earthworms or meat daily, but Neomys fodiens 
needs proportionately less. A supply of grain should always be available. Lactating females 
Sorex araneus devour more than twice their weight of food daily. The regular supply of 
excessive food causes an initial rapid increase in body weight. In captivity sexually im 
ature individuals which would normally reach adult weight in about four months, do so 

s many weeks (Table 1). Dissection shows, however, that the increase is not due to 
‘celerated development, but to the deposition of fat, chiefly about the neck and shoulders 
For laboratory accommodation Pearson uses glass-sided boxes littered with wood shav 
nd 


re rT) Y 
- t 


yrovides a nest 


jar. Similarly, I use metal or glass-sided boxes, a foot square and 


en at the top, but either strew the floor with hay or first tamp down a few inches of soil 


shrew quickly builds itself a nest from the hay and later incorporates any fur or skin 
lebris. The soil, if changed occasionally, in addition to allowing normal burrowing activity, 
les small organisms. Sorer araneus and Neomys fodiens burrow almost incessantly, 

S minutus shows less inclination. These three shrews defaecate almost every minute 

e, but always select a principal lavatory well away from the nest, which is itself 


te clear und can be ransferred intact when the cage is cleaned. Out of the breed 


ge is large enough 


ore than one animal can be confined together providing the ca 





ide t frequent accidental contact during searching. Relatively vast quantities 
TABLE 1 Body weights of S. arar in aoran 
) DAYS AFTER PER CENT INCREAS} 60 DAYS AFTER PER CENT INCREASE 
. URE AFTER 301 APTURI AFTER 60 DAYS 
6.4 8.3 0.7 = 


6.3 9.0 42.8 10.1 60.3 
Fok 9.4 32.4 11.0 54.9 


must be supplied, cannibalism occurs only in the absence of alternative food 
PET! Crowcrort, Bureau of Animal Population, Department of Zoological Field Studies, 
} University Received January 27, 1951 


LIVE-TRAPPING BRITISH SHREWS 
predisposition of shrews to enter and explore every encountered crevice and opening 


simplifies trapping procedure. Chitty and Kempson (Ecol., 30: 536-542, 1949 





eir description of the Longworth trap, include Sorer araneus among species exhibit 
object reaction,’’ manifested in initial reluctance to enter traps With such 

species the largest catch for a given expenditure of labour is obtained if the animals have 
een prebaited, i.e. allowed to become familiar with open but unset traps. Contrary to this 
[ find that Sorer araneus and S. minutus immediately investigate new objects, except 
en startled by their own movements reflected in bright surfaces. Trapping figures, using 
the Longworth live-trap, show a tendency to fall off with progressive captures and removals, 

as experienced when using unbaited breakback traps (Table 1 

When trapping for shrews it thus seems best to trap without prebaiting. Immediate 
rapping yields the largest catch for labour expended, and allows less preempting of traps 
by associated species exhibiting ‘“‘new object reaction.’? The Longworth trap is especiall) 


ble for shrews as it is operated by a treadle of adjustable sensitivity down to 1.5 grams 


It is necessary to affix a cover to the top opening of the trigger mechanism cowling to pre 
vent the escape of Sorex minutus, weighing about 3 grams The cover should be riveted so 
that it can be swung aside to facilitate cleaning, or to provide an escape route for this species 


when trapping for others. A little hay or dry grass in the nest box provides insulation. No 
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bait is necessary, but the traps should be visited every two hours if live animals are wanted 
When removing Sorex araneus and S. minutus from a population comprising, in addition, 
Microtus agrestis, Clethrionomys glareolus, and A podemus sylvaticus, advantage may be taker 
of the shrews’ ability to pass through narrow apertures by virtue of their narrow skulls 
and lack of pubic symphysis. A metal partition or ‘‘excluder”’ perforated by a hole $ incl 
in diameter is fixed in the trap tunnel between the door and the treadle. This prevents the 
ingress of all the rodents except an occasional juvenile. A true comparison of shrew densit 

il 


various habitats in thus obtainable irrespective of the density of the rodents present 


If the diameter of the hole is reduced to 3 inch Sorex araneus is excluded and S. minut 


selected from the population. No time and labour are wasted in ejecting unwanted animal 


ils 
and resetting. The method is limited in scope, but may prove useful to other workers wist 


ing to study the smallest of the small mammals on an area 


Shrews may be caught, when suitable traps al not available, by sinking canisters « 
buckets at least 9 inches deep, flush with the ground. I have found this a useful sampling 
device requiring the minimum of attention. As they are extremely poor sighted (or pr 


vecupied), shrews are more likely to blunder into pit traps than are their more wary asso 


TABLE 1 7 apping record of shreu 


\ 
NUMBEE 

E TR 

Dex 10 6 1 0 | 0 1 + 

Jan 50 } | 0 0 0 0 0 

Mar 80 { { { 9 { 

Apr 78 5 } ] 0 

Ap! 18 l l ] 

Ma 31 7 j 0 0 2 0 0 0 

Ma 37 0 0 3 { 0 9 2 0 

* No catch attempted 

ciate Peter Crowe ort, Bureau o {nimal Po. rf Dy / of Zoolo . 
Studie Orfo Universit Received January 27 95 


OBSERVATIONS ON NEW ENGLAND BOBCATS 





lhe typical habitat of the bobeat in New England is forested land that offers good l 
cover, such as mountain laurel, and hilly land with rocky ledges Bob t 
served in all forest types, but a mixture of hardwoods and conifers appears to be the p 
erred type. Concerning the hab f the bobeat in northeastern United Stats Han 
Mammals of Eastern United § 1943) say ‘The bobcat is adaptable. changing its 

of life as civilization modifies the environment. It does not depend on the dee} 
is the lynx does, but rather makes its home in the swamps, wooded districts, and mount 
n ote close to farm land 

rrappe from N Hampshire and Main report that dense sw umps which hav ul 
population ot Vv ving hares seem to be the typical habitat of the bobeat in these states 
I found bobeat tracks, in Massachusetts, in white pine plantations, mixed hardwood 
wamps, and second growth surrounded by agricultural lands 


Field observations were limited to times when there was co xd tracking snow. Most 


vere made in the southwestern part of Massachusetts where a large population of bo 
occurs 
According to Seton (Lives, 1929) and others, the bobea depends mainly on its s 


sight to detect its prey. A cat was trapped in western Massachusetts in a dirt-hole set baited 
} PI 


with a small piece of vension and a lure of catnip and cat urine. This suggests that the ca 
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> some sense of smell. The following kills were observed by the writer: grouse (one), 


hare (one), cottontail (three), porcupine (one), and deer (a questionable one). 


1ajority of the bobcat tracks usually crossed runways or trails of varying hares 


and cottontails. The cats appear to follow these trails commonly, but unless the hare or 


cottontail is jumped and caught immediately, pursuit is not extreme. Only one varying 


hare kill 


a chase of 20 yards 


the ev ide 
Bobc 


Two kills on runways 


caught tl 
1 





where 


of the 


Fourteen bobcat 





cept whe 


the distance 





SHOTS O 
bobcat 


ne rabbit’s viscera and a spot of blo Te 


iles each night in their hunting forays 


The cat stalked the 
As evidenced in 
bobeat 


was observed hare near a patch of laurel and caught it after 
all cases, stalking shows clearly in the snow through 


snt drag marks of the 
ts seldom pass up the chance to follow and stalk cottontails along their runways. 
were found in southwestern Massachusetts; in both cases the cat 
1e rabbits within three to ten vards Remains of these kills were just bits of pelage 


f blood 


Another kill was observe 


lay by a cottontail’s burrow and n 





in the township of Leverett, Massachusetts, 





leaving just a small piece 
; 
that the 


I followed suggest animals travel about two to 


There w 


trails which 


s no evidence of diurnal activity ex- 





n chased by dogs tollings (Jour. Wildlife Met... 9: 131-45. 1945 in Minnesota, 
cats from rest shelters left at night to those entered the next morning, found that 

varied from three to seven miles, ar veraged five and one-half miles. Rollings 
that these distances might have | shorter had food been more abundant 


Jour. Wildlife Mgt... 6: 328-37 


1942) stated the following concerning the range of 




















Maine bobcat: ‘‘Within a month this individual had been located at three erent points 
f triangle the sides of which totalled ut 18 miles. The smallest circle to include 
hree points had a circumference of nearly 23 1 s. If, as later suggested, cats travel in 
e figures indicate tl this ca ) l tor ) 10ore than 40 square miles.”’ 
). T. Ford az gre it hunters pursued beat with hounds for five consecutive 
d n Febru 1047. This « vas ledge ch da th lowing morning pursued 
g lhe circumference of the circle of travel taken by the cat is estimated at 18 miles as 
on topographical maps iis does n iclude the sm circles the cat took before 
ul As cat un continuou n purst hounds, Ford estimated 
( rar the i l t 10 to 45 miles. On the fifth day the cat 
] 1. Tl) cat v he S ul nd ap ently was in poor phvsical 
fter the chase, | I throu food. Ford also thought that the cat 
1e { int! Vhich he raveled as it jund tI lens isil 
Fie c I tl icinity of the Quabbin Reserv« Vassachusett here there 
ulat of porcupines, showed tl I te nt nd earl pring, place hat 
rcupines, such as culverts ar edges, we ed nt! wv hoheat 
KR ‘ und H. Hart, « perienced ¢ t hunte . 15 ile hye it Blanford 
Massachuset ior two hours betore eein Du g ti ntire chas¢ s cat carried a 
nt which it Dumed in the sno efore clim " e¢ \ ybeat ebru 1949, 
is acked in the township of Levers Massachusetts. It is estimated that this cat 
I ed approximate six miles from the site of last lying up to the time last tracked. Ac 
cord to D. T. Ford who accompanied the observer, this cat was believed to be a male as 
t backed up t ock to urinate. Ford stated that a female cat will squat to urinate and 
then usual cover the urine while the male a uys backs up to an object 
It is probable that man is responsible for the reatest mort lit; of the bobcat. However, 
disease 1 well be an important decimator although there are no records of bobcat epi 
ootl f the total number of cats shot or trapped in the months of November and Decem 
er (72), it is estimated that over 75 per cent were killed by deer hunt \ 5}-pound female 
\ killed b car. Disease, possib! | might be a limiting factor. A 6$-pound male 
Ca eceived from New Hampshire vas found de i behind a f mer’s barn. A close ex 
amination of this cat revealed no apparent use for its death et it was in an emaciated 
condition. This cat was not examined for rabies. A large male New Hanipshire cat was 
killed in the woods after being found in a paralyzed condition. This cat presumably could 
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not urinate, since its bladder contained over 800 cc. of urine. The cause of this paralysis 
was attributed to gunshot wounds. A 6-pound female cat killed on May 30, 1949, in Mass- 
achusetts by a conservation officer, had a severe infection of the mange mite, Neotedres sp 
This animal was emaciated and should have weighed about 12 pounds. The conservation 
officer stated that this cat slowly moved across the road in front of him, and when pursued 
lay under a hemlock tree and snarled until disposed of 

\ female cat which I trapped died after being kept captive for 47 days. It should be 
noted that it is practically impossible to keep small cats alive for long in this area, unless 
they are immunized for the so-called ‘‘cat enteritis.”’ 

Control by the use of the bounty system has long proved ineffective. An exception ap- 
pears to be in Pennsylvania where Gerstell (Penna. Game News, 7: 8-10, 15, 24, 1937) stated, 
*‘Because the bounty system has not only brought the bobcat under complete control, but 
even placed the species on the verge of extinction, the payment of the bounties for the 
killing of wildecats should be discontinued and serious consideration should be given the 
thought of offering the species some form of protection.’’ The wisdom of controlling the 
bobeat in this state appears questionable in view of the excessive deer population. The 
bobcat being a sly and secretive creature makes control by den hunting or poisoning diffi- 
cult. Those cats that are destructive to poultry can easily be trapped at the scene of de- 
struction. Control is effected largely by bobeat hunters whose numbers are increasing 
vearly 

All freshly-killed bobcats were examined for ectoparasites. It was found that most fleas 
will stay on their host a considerable time after the cat’s death. Over a dozen fleas (Cedio- 
ps ylla simplex Baker) were collected from a bobcat that had been dead for more than five 


days. This specimen was kept isolated in a woodshed, thus eliminating the possibility of 


having acquired these fleas by transmission from another host. Hoplopryllus glocialis lynz 
Baker was also recovered from bobcats 

The gastro-intestinal tracts of 100 bobcats were examined for p irasites. Only two tracts 
showed no signs of parasites. In the remaining tracts the number of helminth parasites 
ranged from a few to over a hundred. The cestode, Taenia lyncis Skinker, was most frequent, 


comprising half of the parasites identified. Other helminth parasites found were Taeni 





laticollis, Toxocara cati, Ph jsalopte ra sp., Porocaecum sp., and Anis kis sp The mange mi 
Neotedres sp., was identified and has been referred to above 

Thanks are expressed to the Massachusetts Cooperative Wildlife Research Unit and its 
cooperating agencies (U.S. Fish and Wildlife Service, Massachusetts Division of Fisheries 
and Game, University of Massachusetts, and the Wildlife Management Institute) for 
financial support, and to Dr. W. J. Hamilton, Jr., Department of Conservation, Cornell 
University, Ithaca, New York, and Dr. William G. Sheldon, Leader, Massachusetts Co- 
operative Wildlife Research Unit, University of Massachusetts, Amherst, Massachusetts, 
for their assistance and advice in this study. A. McIntosh, Beltsville, Maryland, identified 
the helminth parasites.—E. Micuaen Pouwack, Millerton, N. Y., Received September 8, 1950 


CARNIVOROUS GROUND SQUIRRELS ON ST. LAWRENCE ISLAND, 
ALASKA 


Otto William Geist (Jour. Mamm., 14: 306-308, 1933) gives the first account of the meat- 
eating tendencies of the ground squirrel, Citellus lyratus Hall and Gilmore, on St. Lawrence 
Island. During his excavations at the old village site of Kukuliak, located a few miles east 
of the present village of Savoonga, he observed some adult ground squirrels “eating the old 
partly dried and partly frozen lumps of whale and walrus meat which we excavated at an 
approximate depth of eight feet under the surface.’’ He also reports having seen a ground 
squirrel eat a freshly killed mouse which had been shot by the teacher’s son from Savoonga. 

This past summer I was engaged in field investigations on St. Lawrence Island under 
a grant from the Arctic Institute of North America with funds provided through con- 
tractual arrangements with the Office of Naval Research; and during the month of July, 
while at Boxer Bay, I was able to make some additional observations on the food habits 
of ground squirrels 
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On July 19 I discovered that two No. 1 steel traps, which had previously been set by my 


companion, Mr. George Schuman, at the entrances to a ground squirrel mound, had been 
dragged underground. Upon recovering these two traps I found in each the partly eaten 


remains of a half-grown ground squirrel. Suspecting that these animals might have been 






























oured by their parents or s, I left their remains in the traps by the burrows and 
retreated to a reasonable distance to watch. In less than fifteen minutes a young ground 
squir el emerged from one of the holes and immediately began to feed on one of the dead 
animals. Presently two others, the same size as the first, also appeared and began feeding 
on the other carcass. The following d I returned to the mound and found nothing but the 
skins, feet, and heads remaining attached to the tray The skins had been completely in 
verted as though th iunimals had been case-skinned, and all fles ind fat eaten away from 
fleshy sid On subsequent days I left the carcasses of birds by this mound, including 
such species as the murres, puffins, gulls, and the snow bunting, and in each case these were 
readily eaten by the young squirrels. No adult squirrels were seen at this mound and it 
was assumed that the parent animal had been trapped earlier at some other hole 
[wo other immature squirrels which had their burrow under ¢ +k by our living quar 
ters at Boxer Bay were fed both fresh and smoked salmon-trout, which they evid 
lished, for they would eat up a strip weighing about a pound in two or three days 
During July at least, the vegetable foods of these s yuirre ls seemed to consists entirely 
oung succulent grasses and forbes, particularly the former. In every case observed 
these animals ate at the source of thei id suppl a there was no evidence that they 
stored food of any kind 
These observations, coupled with those of Mr. Geist, indicate that round squirrel 
in considerable amounts whenever it is available to them, and it is not, I think, 
hing the point too far to suppose that meat in one form or normally composes 
significant portion of the food of Arctic ground squirrels in gener ire notable beg- 
gars about the mining camps in the Kougarok country of Seward Peninsula, and I have had 
more than one cook tell me about their preference for meat scraps. An army cook at Quartz 
Creek even told me that he had seen them eating each other, and this information was 
without prompting on my part. These indications of carnivorous tendencies in the 
Arct round squirrels certainly warrant further study 





That these rodents are canabalistic in any strict sense of the word is unlikely, except 


perhaps under undue populational stress as at a peak period in their numbers, but my data 
lo seem to indicate that they will feed on dead, sick, or handicapped individuals of their 
own kind whenever the opportunity is afforded. It seems equally unlikely that they actually 


1 ‘ 


pursue and kill many animals for food, though I suspect that they occasionally steal the 
eggs and voung of cliff-nesting birds: however, I have no actual evidence of this having 
happened in any of the bird colonies studied on the island 

Charles G. Wilber and X. J. Musacchia (Jour. Mamm., 31: 304-309, 1950) have recently 
discussed certain aspects of fat metabolism in the Arctic ground squirrel, Citellus barrowensis 
Merriam, pointing out that this animal ‘‘thrives in its northern habitat and hence it must 


have solved the problem of balancing the budget of heat loss versus heat production re 


am not prepared to make a detailed analysis of their findings, but they seem to conclude 
that “balancing the budget of heat loss versus heat production’”’ involves for the Arctic 
ground squirrel the possession of a relatively high level of fat metabolism. Their study 


ther the 


shows that the level of fat metabolism in the ground squirrel is higher than for e 
dog or the rabbit. It is further stated that tl 


making for the survival of the ground squirrel in ‘‘a very vigorous climate.” It would be 


1is mechanism may be adaptive in nature, 


interesting to know whether there is any significant difference in the production and storage 


f fat 


of fats between Arctic and temperate or su 


)-tropical species of Citellus. Assuming that there 
may be a measurable difference, it would again be interesting to know how much this may 
be due to a more efficient mechanism for fat metabolism and how much it may be due to 
lifference in diet between the northern and southern groups. My data indicate a rather 
constant predilection among Arctic ground squirrels for foods of high fat content. If more 
animal fats are eaten by Arctic ground squirrels than is commonly supposed, this fact 
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jually as important in explaining the relatively high level of fat 
Artie 


hesis of fats 


roun 1 squirrels as any a 1 I tive physi logical mech inism 


Tom Cape, Collea (laska. Received December 7 


TS AND WEIGHTS OF NORTHERN MUSKRATS 


rat, Ondatra zibethica spatulata (Osgood 


, apparently occupies an 
tern North America. Hollister (N. Amer. Fauna 32, 1911) in his 


ulatra) attempted to map the ranges of the various races 






collections were not always adequate for accurate delimitation 


ree to the northern races spa : and alba. The situation is still 














relatively unchanged. The purpose of the present paper, therefore, is to place on record 
a series of measurements and weights of muskrats, known to have reached sexual matur 
from an area near the southeastern extremity of what is generally considered to be the 
range of spatuial 
economic importance o he muskr in the A 
and t Slave River delta in southern Macker 

Early we on ti northwestern mus! 

Survey who prima interested in 
1. Extensi collec ms of skins were ma 

ing a gi ecies or 1 vas sm und th 
these early northern explorers were compelle 
vere the o1 practical routes of tr 

Or b vat t vas first described by Osgood (N. Amer. Fauna 19, 1900 
is listinct speci / atutat His measur ents of the type specime yt 
idult femal ( taker ym a dry skin. Oscood ’ ). 37) that spatulata was m 
different ( ) 1 postulate I spat is the forr ) ipving all 
of northwestern Ameri i lerived from a fo é of t Ro Mounta | 
than fror es n on 

Holliste emarked that. to a certain dezr Fib hethicus albus ‘‘combines 
tl ( tract ort true Det! with those of atuu lo tl northwest the int 
ra on W l ery clear, and specimens from the Athabaska and the Ma 
kenzie regior though unquestionabl referable to spatulatu are certain! interm lj 
p. 21 He further stat 2 hat Fib bet d 8000 sembles sp yu 
8S larger al i da ke Average measurements o specimer vere glvel 

Preble (N. Amer. Faut 1908) stated (p. 192) that I s led to refer his Mac é 
SE 8s to spa ul thou numb especially those from Athabaska and Great 8S 
lake re somewhat intermediate and might without impropriety be referred to hudsonius 

alb« His series w composed of specimens referable to the region now under discus 
s10n. Sope Jour. Mamn yA 119-145, 1942) referred his specimens from Wood Buffalo 
National Park to spatul 

It is apparent fro I yregoing that the specimens to be reported on derive from an 
area of possible intergradation between Ondatra zibethica spatulata and Ondatra zibethica 
alba. In view of the paucity of previous information concerning the status of the northern 


isurements of a series of 96 sexually mature 
and value 

throu the good offices of M 
Buffalo National Pa , at appr 


Lacaille was provided with special 


ere obtained Solomon Lacaille, 


20’ N and 


permission to take muskrats 


itely latitude 58 





nation by the writer. He also very kindly made available 





for examination several hundred muskrats taken by him as part of his trapping operations 


that time March 1 to May 15 


en with a steel rule calibrated in sixteenths of an inch, or (the 
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fat yn a measuring b 1 marked o I il eters. Some of the specimens were 
mt alin ‘nnin st] t t ( sses frozen pending 
' kinned ¢ se Q:, ep rl} ! I Dp 3 cased ns, the 

1 tail were not sl ou nd. the ere not st ched o | 
Si denies ken on the san pring lay ilibrated in 25-g ils. Wher- 
an le the speci n re ighed t it $ wrder to arrive 

2Ag this pape } r e secure e! et nal ere sl nn l 

,n i ens were aged accord to the condition of the reproductive tracts on autopsy 
hich showed evidence of sexual maturity were consid it ve adults regardless of 
rd rT ge In March, for example, most f the animals were undoubtedly young of 
1 im! Sinc ; yssibl t this season, to distinguish between young 
+] ou , aia niomal 1 method. it ed mandato to consider 
tu ni ls full g n. A ther s R Lit 1) nens re avail 








i averag 572. 206 75.7 1131.6 
© lard D A.9 t.2 2.3 202.8 
10 Range 196-616 222-282 70.0-81.0 750-1575 
ich Averagt 061.8 250.0 74.5 1053.4 
Stand D 19 5.0 2.8 128.0 
Range 513-59 195-278 68 .0-80.0 800-1375 


/ 
| 
| t l I ul e speci I i I I ) Januar 10; Februar D: 
i 


Ma 1: Jul 1: Aucust Septemb 1: October, 5: November, 6: December 


specime! ere t n in the delta of the Slave River in the summer 








fe Service. Acknowledg 














: l ) ita 
- ecimes ‘tal lenctl e.. 5311 50-60 | vertebrae, 246 (204-275) ; hind 
, 73.5 (65-78 932 80-1230). A erage measurements shown in Table 1, 

udes or he lberta mate | base yn 4 ales and 40 femal except that 
Qn 
; a yt « he ter ni ) I 5% specimens. I he erage weights 
| n 3 es and 34 females. Th ire constant differences bet n the sexes 
¢ = I re not statistically significant at the 5 per cent leve 
map \ is directe o the wide fluctuation in weight. The ls appear to be lightest 
- nh sumn ind the weight increases through the nter | leposition of subcutaneous fat 
pe t reaches a m ximum just prior t » the onset of breedin probably in late March or early 
— \ ihus th ull range of variation 1s not usu ncounté t an yne season 
| U ( lo called th ortl 1 small race, but as Table 2 shows, 
en f ural in size with und other adjoining races. It is possible 
ons 
- hat Oseood was misled by his own n the type specimen, which were taken 
n ro! n. Measurements alone, of course, do not prove affinities, but in size at least, 
ne 
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fol, 


spatul 
it may p< ssibly overlap 

Size is extreme] | ‘ 
in a form such as the musk 


»>duces pe Its witl 


raBLeE 2 {verage measure 
R 

patuiat 

i} 

a 

O8OVU0C er 


N. Amer. Fauna 22, 1% 


* Hind foot measurement 


oummary The present 
mature speci: 
is a larger series than has he 
that it compares favourably 
as a small race W.A. I 


Janua 17, 1951 


Published by permission ¢ 


Six specimens of Zapus 


October 7. 1950. on an area 


town of Springfield, Dane ¢ 
measuring as follows: male 


\ Prospect Ave Madison, 


On July 30, 194 


individual of the coati mur 


, while e1 


mice. Since the specimen w 


bears the Los Angeles Cou 





in size with those of most of the ot 


' Taken from dry skin of 


in this species does not appear to have been recorded pre viouslv 


BREEDING RECORD OF THI 


Jr. The animal had been de 


are now quite common. It has heretofore been postulated, 
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ate appears to be as close to typic: | zibethica as to anv of the three races whose 1 inves 


it in relation to the economic val 


rat where colour is relatively unimportant 











heavy leath nd den unde 0 ‘ re f yural 
1 
ner races 
ments ) of 80 Ondatra z hethica a é 
in the literature 
Al T 
IM ' ER E 
Osgood (1900 | 195 170 73 
Hollister (1911 } 530 232 74.5 
Preble (1908 5 546 264.4 75 
This pape 96 551 74.9 
Hollister (1911 S 541 239 75 
Preble (1902 6 546 240 74.9 
Hollister (1911 7 563 254 8 
Hollister (1911 2 196 240 73. 
at 


Hollister (1911 10 589 27 83 


type specimen 


} 


based on 21 specimens 


paper places on record the standard measurements 


iverage 


nens of the northwestern muskrat, and the weights of 82. This 


sretofore been available for this race and the analysis indi 





in size with typical zibethica, although it has been characterized 
LLER, Canadian Wild fe Se ce, Fort Smith, N. WV T.R 
f the Department of Resources and Development, N 


Parks Branch, Ottawa, Canada 


ZAPUS WITH WHITE TAIL-TIP 


hudsonius hudsonius were trapped between September 23 and 


of about five acres at the western end of Six Mile Creek marsh 
vounty, Wisconsin. Three of the specimens had white tail-tips 


6 mm.; male, 4 mm.; female, 12 mm. A similar type of albinism 
A. W. Scoorcer, 168 


Wis. Received December 26, 1950 


COATI MUNDI IN THE UNITED STATES 


waged in collecting activities in southern Arizona, a newly-born 


idi, Vasua nari t an altitude of 5600 


ca pallida, was picked up : 


feet, in Madera Canyon, Santa Rita Mountains, Santa Cruz County, by Mr. G. Morejohn 


ad for some time, and portions of the skull had been eater by 


} 


is recognizable as a coat t was I 


preserved in aleoho It now 


inty Museum number 8823 


Records of this animal ranging from Sonora and Chihuahua into Arizona and New Mexico 


1, however, that at least a significant 


portion of the coatis present within the national boundaries have migrated there as indi- 
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, idu rom their mo t pi il rang to the uthw 
he confines of the United States. in the are vhose 
s Sie Madre Occidental of Mexico, definitely indica 
1 lent within the United States WILLIAM G 

Los Angeles, California. R 1 January 26, 1951 


On November 19, 1946, a fox trapper, L. L. Ba 
j 
Count He saw tracks of another nearby at the sai 






rd of the species for Wisconsin so far as is k 


mile of the Wisconsin side of the Mississippi 
: success and the record is “‘especially interesting as 


rairie spotted skunk (Spiloegal nte ipta) in See 


rES 
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ird. The fact that young are born within 


» faunal 


il 
tion 25, 


ne time 


nown. H 


f 
| 


finities are probably with the 


11S Species to bea permanent breed- 


Los Anaqeles County Museum, 


WISCONSIN’S FIRST PRAIRIE SPOTTED SKUNK, AND OTHER NOTES 


ley of Hudson, Wisconsin, captured a 


T. 30 N., R. 19 W., St. Croix 
According to H. H. T. Jackson 


U.S. Fish and Wildlife Service, in a letter to me dated December 26, 1946, this is the 


also indicates he has searched 


river for a sign of this species without 


coming from so far north in the state 


” 


He presumes that the wide Mississippi farther down has proven too much of a barrier. 


, Through the help of Conservation Warden Lawrence Hope of Hudson, the skin of this 


us number UWZ-12965 
On November 4, 1950, a raccoo1 


vas weighed in on an accurate platform scale 


specimen was secured. It is preserved at the Unive 


1 hunter, Albert K 


rsity of Wisconsin Museum of Zoology 


Larson of Route 2, Nelson, Wisconsin, 
shot male raccoon (Procyon lotor hirtus) in T. 24 N., R. 12 W., Buffalo County, Wisconsin, 


v1 


tnesses at 62 pounds, 6 ounces 


Another less accurate hanging spring scales recorded 59 pounds, 6 ounces. When this data 

us double-checked with the trapper he also reported the following gross measurements on 

; specimen: 4 feet 7 inches, length from tip of nose to tip of tail; 17} inches wide across 

specimen in the flesh. The trapper stated the specimen was very fat and judged to 

; yut three years old. The heaviest weight listed for this subspecies is 30} pounds ac- 
Edward A. Goldman’s recent N. A. Fauna 60 on the raccoons 

In Wisconsin’s 1949 season on beaver (Castor canadens yurensis (?)). (February 10 

28), several counties were opened for the first time in many years and some exceptionally 

y vecimens were reported. Reported data on three specimens were checked with the 

nd weights are given here as they were taken on good scales before witnesses 

in the 25th, Ben C. Gluesing of Whitehall took a 72-pound specimen in the Town of Shelby, 

se County. It measured 46 inches from tip of nose to tip of tail and blanket measured 


Genoa, Vernon County. It measured 56 inches 


78 cross. On the 26th, Fred O’Dell of Victory 


s 84 inches across. On the 13th. Orlan Ree 


ook a 


‘ 


) 


2-pound specimen in the Town 


from tip of nose to tip of tail and the 


d of Lynxville captured a female speci- 


and mi ghing 69 pounds 6 ounces near that town in Crawford County 
rsh In 1949 the Wisconsin Conservation Department acquired for their museum in the State 
ips Game Farm at Poynette a female specimen of the lynx (Lynx canadensis canadensis) which 
nism | been killed by Mike A. Schmitz of Stanle yn October 8, 1908, in Section 27, T. 28 N., 
168 R. 6 W., in Chippewa County. There are few authentic lynx specimens, skins or mounts, 
m Wisconsin WaLrTer E. Scorr. Wisconsin Conservation De partment, Madison, Wiscon 
Re ed Decembe 26, 1950 


rn UNUSUAL RECORD OF THE 


early December, 1950, Arthur Wingate kille 
Hogard farm 2} miles northeast of Hedley, Donley 


OCELOT IN TEXAS 


xd an ocelot (Felis pardalis) on the H. 


County, 


Texas. The animal was flushed 


D from a patch of weeds near a cotton field. It weighed about 45 pounds and had a total length 
now f 4 feet 6 inches 

Hedley is approximately 65 miles southeast of Amarillo, in the panhandle section of 

exi1co Texas, and fully 350 miles north of Kerr County, the previous northernmost record in the 

cant state. According to R. J. Gilbreth, a resident of Hedley, a bus driver saw another ocelot 


cinity of Clarendon about mid-Decemb 








er 
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A photograph of Wingate and the ocelot he killed appeared in the December 8, 1950, 
issue of THE HEDLEY INFORMER.—W. B. Davis, Department of Wildlife Management, College 
Station, Texas. Received January 17, 1951. 


MOUNTAIN LION IN ARKANSAS 


Young and Goldman in their book, THe Puma Mysterious AMERICAN Car, list a number 
of reports of the mountain lion, Felis concolor, occurring in Arkansas from 1919 to the last 
reported occurrence in Franklin County on September 25, 1920. Seton in his Lrves or Game 
ANIMALS also mentions hunters reports of this mammal occurring in the northwestern corner 
of the state as late as 1920. In view of its supposed extinction in the state it seems appro 
priate to bring to attention some recent reports of its occurrence 

The ARKANSAS GazETTE of December 3, 1949, ran an account of a mountain lion shot 
about 8 miles west of Mount Ida, Montgomery County, around the latter part of November: 
or early December by Virgil McKinney and Tom Dillard of Sims, Arkansas. A photograpl 
of the animal was taken of which a copy was secured from the Whitting Pharmacy, Mount 
Ida, Arkansas. Study of the photograph reveals the record to be an authentic one 

The writer, in correspondence with Mr. Tom Dillard, has established that the specimer 


measured 7 feet in le 





gth and weighed 134 poun ls. It was actually killed about two 


north of Sims, Montgomery County, Arkansas. Mr. Dillard did not ascertain the s but 

















from the photograph it appears to be a female. He has the head mounted although the 
writer has not had opportunity to examine it 

The ARKANSAS GAZETTE account reports that this mountain lion was the second 
ported within a week. Another was supposedly trapped by a farmer near Warren, Bradl 
Count vho said that tracks indicated three more were at large in the vicinity.—Joun A 
SeALANDER. Dent. of Zooloay, Unit ts of Arkas Fauettes iskanens. Received D 
b 9 5 

ALASKA FUR SEALS, CALLORHINUS URSINUS, OBSERVED OFF SA) 
FRANCISCO BAY, CALIFORNIA 

Durin the earl spring of 1950 th te ind others of tl stafi of t ( 
forn Academy of Sciences were engaged tudies t eolo off the 
California under he uspices of the Office of Naval Rese 

This wor! us done under Contract No. N9 onr 94400-0 ind the net tender U. 8.5 
Vull va ssigned to the wor rhe primary purpose was the dete ) 
nature of the ottom roc yn the continental pe fro! 00 homs wn. il id 
ormation exposed tl yutlying seamounts. During the seve trij le 
tunit oraed to n ¢ bser tion I ( F ) } 
geolog I not ro ted by the exceller rticle by Vi B. Schef I I 
of the Alaska Fur S Crar 5th N. Amer. Wildlife Conference: 410-421. 195 
also by the later report by Oliver J. Austin, Jr. and Ford Will entitled ““Japanese Fur S 
ing’ (U. 8. Fish and Wildlife Service, Special Scient Report—Wiildlife, No. 6: 1-91, 15 
text figs., bibl. 301 title 950) This last report i republication of Rept. No. 129 issue 
the Natural R uré se n, General H arte Supreme Commander for the A 
Pow rokyo, Ju 1950 

Each trip from San Francisco comprised ve nd much of the time was spent 
the water was more than 100 fathoms in depth. At times the ship anchored overni 
much as 750 fathoms 

Beginning in Februar fur seals were seen almost ¢ la Ou yutine du 
vented us from making a special effort 1 ecord the numbers or study their habit 
opse! tio! le 1 t nti ( | ! nterest ft yrese tior 
The notes are reproduced bel by station numbe us the ere jotted down at se Few 
deductions can be made. However, it may be worthwhile to call especial attention to the 
fact that no adult male vere seen. Most of the animals observed at close range were adult 


females, recognized by the light color of the ‘‘whiskers.’’ A few were no larger than two 
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He says that the lower jaw projected about 4 inches and caried at its extreme tip a pair Pris 
of strong erect teeth implanted in the flesh less than an inch apart. The tooth that he re- > 


s 59.0 mm. long, 21.5 mm. in lesser diameter, and 30.5 mm. in greater diameter 


move d 





rhe maximum width is well above the base, but considerably below the middle of the height Ta 
of the tooth. The correspondence is very close with a tooth of this species figured by Tru 
U.S. Nat. Mus., Bull. 73: pl. 38, figs. 10-11, 1910). The number, size, position, and erect ( 
orientation ol the tee th appear to be diagnostic of Z ph 4 The only possibl Cc ynfusi yn 
would seem to be 1 Hyperoodon, which has not yet been reported reliably from the north 5 
eastern Pacific 1" 
The tooth is deposited in the mammal collection of the San Diego Society of Natura se 
History No. 2631 CARL L tution of Ocear ography University o mes 
Cal ‘forn a), La Jolla, Califo nia 1951 





1 


[Contributions from the Scripps Institution of Oceanography, New Series, No. 523 








ADDITIONS TO THE FAUNA OF SANTA CRUZ ISLAND, CALIFORNIA, WIT 
DESCRIPTION OF A NEW SUBSPECIES OF REITHRODONTOMYS 
MEGALOTIS 


H 





Santa Cru d, one of the Channel Islands of southern California, lies 20 miles off ' 
the coast of Santa Barbara County. It is composed of 62,000 acres of grassland, eroded | 
tops almost bare of vegetation, chaparral, scrub, pine forest, and patches of oal nd other - 
hardwoods. Habitats are in general the same as those found on the adjacent mainlar 
( fornia, but the number of mammalian species living on the island, as on all the Chant 
Islands, is small. Deer mice, gray foxes, spotted skunks, and little California bats | ’ 
the onlv native nd mammals report 1 heretofore fro the island. Through tl indnes ‘ 


were ible to collect fron August 28 to September { OAR nd vith the aid of M | W 








23 : ges , 
Sefton and the Research Ship ‘“Orea,’’ Dr. Alden H. Mille nd Mr. John R. Hendricks , 
collected from March 5 to 12, 1950. As a result we are able to add three genera, A n 
Carunarl s and Reithrodontomys. to the four alreadv known from the island. The fol ag 
ls are now known to live on the island “a 
californicus caurinus Mille Little California bat.—Miller and Allen (U. § 
Mus., Bull. 144, 1928) assigned three specimens from Santa Cruz Island to M 

? but stated that these were ‘“‘not typical.’’ Twelve additional specimens taker i 
Prisoner’s Harbor in September, 1948, resemble the dar richly colored coastal form t : 
the north more than they do californicus, and I list them accordingl) a 
Corynorhinus rafinesquei intermedius H. W. Grinnell. Lump-nosed bat A nu . 
colony of about 200 adult females and grown young occupied an attic at Prisoner’s Harbor ; 
in September, 1948. Two adult 1 s were taken in buildings at the Christy Ranch near tl 
west end of the island. A series of 23 is indistinguishable from C. r. intermediu 


Antrozous pallidus pacificus Merriam. Pallid bat A colony of several hundre 
+ } ] 


cupied tl winerv at the ranch headquarters in the central interior of the island. A series 
ol h matches closely a series of this race fron 


Spilogale gracilis amphialus Dicke« Spotted skur Six were trapped. Stomachs 











contained insects, Peromuscu fruits of ¢ slaphy und rapes obtained < 

doned vineyard 7 
Urocyon littoralis santacruzae Merriam. Island fo This fox apparently | pr B 

nounced cycles of abundance. One person living on the island stated that he has seen as . 

many as 100 in a day. We saw none during our visit in 1948, but trapped four. Stomachs and 

scats showed that they had been feeding prim rilv on fruits of Comarostapvh { ) 

staphylo but als to some extent on lar € rtny Te me oft them prob I I rir t 

crustaceans), mice, birds, and carrion of sheep ' 
Reithrodontomys megalotis santacruzae, new su Harvest mouse : 
Type Adult male, skin and skull, Museum of Verte te Zoology No. 113604, fr “ 
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-risoner’s Harbor, Santa Barbara County, California, March 7, 1950. Collected by A. H. 
Miller (No. 7579 measured and prepared | O. P. Pearson (No. 1938 





bution Known only from Prisoner’s Harbor on the n h shore of Santa Cruz 











Miagno large, lon iiled, relative rr subspecies of the megalotis group 
Ci h is widely distributed along the 
t of C nge 0 ynger tail, and longer, 
s] tacruzae average larger 
t n santacruzae differs in 
es say harvest mouse, R. m. distichlis 
Bl ricaudus. The Santa Cruz Island form 
s likewise iwer-tailed an ver a specimen of R. m. limicola von Bloeker, and each 
Santa ( rage of the eizht adults of cola 


1 counties reported in the description 








than longicaudus whereas santa- 

- re graver, less richly colored, and 

é ler bodies, tails, feet, and skulls than specimens of R. catalinae from Santa Cata 
Is 1 form that I am inclined to consider as a subspecies of R. megalotis. 

( T pp parts pr lo nant! Ochrac us B iff capit ilized colors are from Ridg 

4 Nomenclature of Colors) lined with black, but becoming noticeably grayer on 


xe 
F 


ack of neck and shoulders. Sides and cheeks brighter buff than back, ears clothed within 

















vith buff hairs. Underparts grayish white with c picuous pectoral streak of Buff. Tail 
Hair Brown above and light Smoke below. Feet white above. Coloration in general 
$8 to that of R. m. longicaudus, but less bright 
VW ements ype: total length, 156 mm.; t hind foot, 18; ear from notch, 15 
Average and extremes of four t ypotypes: tot il lengtt 158 (152-161); tail, 87 (85-89 ; foot, 
8 (18-18.5)- ear 13.5 (13-14). Skull of tv pe: greatest lencth, 21.3: zygomatic breadth, 10.7; 
nterort breadth, 3.0; width of 10.3; length of maxillary toothrow, 3.0. Aver 
uge and extremes of four topotypes: greatest length, 21.2 (20.8-21.8); zygomatic breadth, 
10.8 (10.7-11.0); interorbital breadth, 2.9 (2.8-3.0); braincase, 10.2 (10.1—-10.2); toothrow, 
022 
Specimens examined.—Five adults and one immature, all from the type locality 
Re? s.—Two of the specimens were taken in Sep ber, 1948, and four in March, 1950 
All were captured near the junction of a small grassy field with a small fresh-water marsh 
that was filled with tall Sc pus Typha, and willows amount of such habitat available 


at Prisoner’s Harbor probably would not support more than a dozen or so pairs of Reithro 





lonto and the area is separated from any other possible patch of similar vegetation 
I e may not be by long stretches of dissimilar habitat in which extensive trap 
I led no Reithrodontomys. Consequently, it is probable that the total population 
this subspecies is extremely small 
Peromyscus maniculatus santacruzae Nelson and Goldman. Deer mouse.—These were 
aught in considerable numbers in every kind of habitat. Despite the fact that over most 
f the island they have no competition from other rodents, their population density did not 


seem to be markedly higher than on the mainland. There were only three mammalian preda 


few feral s, and these were not present in unusual numbers. 





1 





Barn, burrowing, and horned owls have been reported from the island, as well as gopher 





snakes, blue racers, and several species of hawks 
Several domesticated species are important in the lozy of the island 
Cattle-—Fattening of cattle is the most important industry on the island at the present 


time, but because of drought no cattle were present during our visit in 1948 


Sheep.—Large numbers were at one time tended on the island, but have gone wild and 
have become so well established that. according to ranchers, more than 10,000 have been 
shot in the last few years in an attempt to exterminate them. We were told that about 2000 


survived in 1948 
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Swine.—Feral pigs are common. A drastic reduction in numbers was caused by the inten- 
tional introduction of hog cholera, but some have survived. Numerous scats were seen con 
taining acorns, and the stomach of a nursing sow killed by ranch hands on September 2 
contained fruits of Opuntia and manzanita 

Cats.—Although we saw none, we were told that feral cats were present.—OLiver P 
Pearson, Museum of Vertebrate Zoology, University of California, Berkeley, California 
Received December 27, 1950. 


NOTES ON MAMMALS FROM WEST VIRGINIA 


Numerous writers, among them A. B. Brooks (1929), F. E. Brooks (1911), Kellogg (1937 
Wilson (1946), and Wilson and Friedel (1941), have published on the mammals of West 
Virginia. However, the distribution and natural history of many species occurring in th 
state is but sketchily known 

From February, 1949, until July, 1950, while in the employ of Oglebay Institute, Wheel- 
ing, West Virginia, I collected mammals from the northern half of the state as other duties 
permitted. Especial thanks are due the governing bodies of Oglebay Institute for financia 
and moral support 


It is my purpose to herein record the results of collections made during this period 
Specimens collected in Preston County in 1949 have been previously reported (Barbou 


1950) and are not duplicated here. All specimens are now in the zoological collections of the 


University of Kentucky. In the following annotated list, all measurements are gi 
millimeters except where otherwise noted. Averages are given first, followed by extremes ir 
parentheses 


Didelphis v. virginiana Kerr. Virginia opossum.—The opossum has been observed DOI 





dead on road) in Jackson, Ohio, Pleasants, Tyler, and Wetzel counties. Represented in t! 
collection by 17 specimens (5 skins, 12 alcoholics) from Oglebay Park, Ohio Count 

Four adult females were trapped, examined, tagged, and released in Oglebay Par 
March 17, 25, and 27 and April 10, 1950. They were carrying 6, 12, 7, and 7 young in the 
respective pouches. Estimated birth dates of the young were February 9, 20, 12, a1 7 
respectively (derived from data published by Petrides, 1949 

Unfortunately, I was unable to recapture the four females discussed above to d 
positively whether two litters were produced. Some circumstantial evidence supports tl 
theory that the opossum, at least in the environs of Wheeling, does produce two litters 
On August 14, 1949, a juvenile (total length, 544 mm.; tail, 223; hind foot, 41) t Ir 
Oglebay Park had apparently been born early (February?) in the year. Two other juve 8 
taken in the Park on August 2 and August 18, measured, respectively: total length, 238 
251; tail, 92, 104; hind foot, 27, 27. These latte: specimens appear too small to have | 
much earlier than June, indicating either two litters a vear or a range of birt dates fror 
early February until June. Due to the fact that all female opossums taken in the P 
March and April carried young, born probably in February, the former hypothesis is 
favored 

Parascalops breweri (Bachman). Brewer’s mole.—This species is abundant in Og] 
Park, doing considerable damage to the golf courss I have examined tw specimens 
lected in the Park in 1928 by Vernon Bailey. One specimen was taken near Terra Alt 


Preston County, on June 12, 1950 


Condylura cristata (Linnaeus). Star-nosed mole.—One specimen was take 





burrow in a marshy area bordering Lake Terra Alta, Preston County, on June 15, 1950 
Sorex f. fumeus Miller. Smoky shrew Two individuals were collected at Jackson’s 
Mill, Lewis County; one from ¢ iglebay Park, Ohio County; and two from Tomlinson’s 
State Park, Hancock Count n adult female taken August 21. 1949, from Tomlinson’s 
Run State Park, Hancock County, was lactating from six mammae 
Blarina brevicauda kirtlandi Bole and Moulthrop. Blarina.—All! our specimens of Blarina 
are referred to kirtlandi pending further study of the genus. Measurements of 41 individuals 


from Oglebay Park, Ohio County, are: total length, 121.2 (110 





- tail, 25.3 (20-29; hind 
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ten foot, 15 (13-16). These figures compare favorably with the average of a series of ten indi- 
on viduals from Preston County (total length, 121.7: tail, 26.5; hind foot, 15.1) taken in 1949 
er 2 Jarbour, 1950). Five specimens from Jackson’s Mill, Lewis County, average: total length, 
18 (111-123); tail, 25.4 (20-28); hind foot, 14.4 (14-15). In addition to the specimens men- 
:P tioned above, I have three from Tomlinson’s Run State Park, Hancock County, and one 
ni from three miles west of Bethany, Brooke C 
Lactating females were taken only in Ogle Park. Three were taken on August 11, 
24, and 27, 1949, respectively 
» short-tailed shrew appears to be one of if not the commonest small mammal in 
37 northern West Virginia. Individuals were taken fror wide variety of habitats, ranging 
Tas m mars! ireas through open grassland to dense woodland 
t} Eptesicus f. fuscus (Beauvois). Big brow: t.—A cluster of six iduals was dis 
covered in the attic of the carriage barn in Ogle Park, Ohio County, on September 1, 
‘ 1949; t specimens we secured. On M 19, 1950 e individual was taken three miles 
toe st of Bethar Brooke Cour 
Lasiurus b. borealis (Mulle eser 1 single adult male taken in 
Oglet Park. Ohio County. « 
Corynorhinus r. rafinesquei red bat.—My only specimens are an adult 
f nd iuvenile male taken 1 s on July 9, 1949. from a cluster in Tory’s 
( ten n Ss south « ton Count 
Procyon 1. lotor (Linnaeus enile male was collected in Oglebay Park 
s Ohio ( n Janu 950. Rac were sometime bserved and about the Parl 
I O5I 11 ( ee! the sl I Terra Alta, Pre n Cour 
0] } t ¢ obse | I S P H ck Cou in 
+} Aucust 949 
Mustela frenata noveboracensis (I I USé An adult was ol 
s DO! nO r¢ 8) I ~ t ng 287, 294; 
QF 8 } , ) 3 P ir y| 1 Mav 26. 1950 
- r ne Film G e, UF ( int 
Mephitis mephitis nigra (P¢ Be Ss iT | es has been 
DOR B e, Han I Ol nd Pre 11 
g I es were ( ture O | r 1949, One r irth to 
. MM } \I , Ty on +} 
‘ bi g eas ¢ e futur tterr 
Qe Q 1 . Or P . — } ] ey 
+} : = 
Vulpes f. vulva (Desi t Re ( el ut ind lu have 
‘ Ocle P I 1 \ Vi ( O} ( nd 
: SI M | ( in 
Urocyon c. cinereoargenteus (S ( \ ult femal is found DOR 
0 P Ohio 1 Januar OF 1 g I n | G e 
()} ( l Au us 18 104 
’ re a : ent — , hibited li meern at 
+} . | ¢ yproached thir 1 , adult in a eclosel mowed 
I ¢ I ! ch caused the 
g Marmota m. monax (Linnaeu Woodchu My only specimen was taken in Oglebs 
Ru Pa Ohio County, on M 7, 1949. J ( s been observed in Hancock, Ohio 
g Pre und W un 
Tamias striatus fisheri How Eastern « u I specimens wert ken in 
Ogle P Ohio County; t I c n’s M Lewis Coun nd tl from near 
uals Ter {| Preston Cour All are vit h re ily se rable from a comparable 
stern Kentucky. The species 
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has been observed in Oglebay Park in every month of the year; I have taken specimens in 
the Park from February 4, to October 27. 

Tamiasciurus hudsonicus loquax Bangs. Red squirrel.—Four adults and a juvenile 
male were taken in Oglebay Park. 

Sciurus carolinensis leucotis (Gapper Eastern gray squirrel.—Two specimens were 
taken near Clinton, Ohio County, on September 6, 1949. A third specimen, an adult female 
showing no signs of pregnancy or recent parturition, was taken July 25, 1949, at Jackson’s 
Mill, Lewis County 

Sciurus niger rufiventer (Geoffroy Fox squirrel.—An adult male, agreeing with the 
characters of rufiventer, was taken at Clinton, Ohio County, on September 6, 1949. 

Glaucomys Vv. volans (Linnaeus Southern flying squirrel.—Four specimens were taken 
at Jackson’s Mill, Lewis County, from July 21 to 27, 1949. Three were females; one carri 
four 18-millimeter embryos, one bore four 11-millimeter embryos, and the third contained 
three 18-millimeter embryos 

On November 7, 1949, two flying squirrels (one collected) were started from a bird house 
in Oglebay Park, Ohio County. The following day, five adults were frightened from another 
bird house in the park. The houses, measuring five by five by ten inches, were nailed about 
12 feet high on the trunks of tre 


»s alongside a park drive 
Peromyscus leucopus noveboracensis (Fischer White-footed mouse tepresented 
by twenty specimens from the following localities: Oglebay Park, Ohio County, 6; Tomlin- 


son’s Run State Park, Hancock County, 7; Jackson’s Mill, Lewis County, 4; three miles 





west of Bethany, Brooke County, 1; three miles east of Beech Bottom, Ohio County. 1 

Five lactating females were taken on March 10 and August 10, 21, and 22, 1949. Two 
pregnant females, one with four five-millimeter embryos, the other with five four-millimeter 
embryos, were taken July 22 and August 21, respectively 

Neotoma magister Baird. Aliegheny woodrat.—My only specimen was taken from a 
shallow cave approximately four miles north of Hanging Rock, Hampshire County, on 
July 9, 1949 

Microtus p. pennsylvanicus (Ord). Meadow vole.—This species is represented by four 
specimens from Oglebay Park, Ohio County; one from three miles west of Bethany, Brooke 
County; and six from Tomlinson’s Run State Park, Hancock County. In addition, I have 
examined eight specimens from Oglebay Park collected in 1928 and 1929 by Vernon Bailey 
One female, collected August 21, 1949, in Hancock County, contained five six-millimeter 
embryos 

Ondatra z. zibethica (Linnaeus Muskrat.—I have one specimen, a lactating female, 
found DOR in Oglebay Park, Ohio County, on August 1, 1949. Numerous tracks were ob 
served in Tomlinson’s Run State Park in August, 1949, but no specimens were taken 

Mus m. musculus Linnaeu House mouse.—This species was frequently observed in 
Oglebay Park, Ohio County, but no specimens were taken. One specimen collected in 1929 
was examined 

Rattus norvegicus (Berkenhout Norway rat.—Occasionally seen in Oglebay Park, 
Ohio County, but none collected. One specimen taken in the Park in 1929 was examined 

Rattus r. rattus (Linnaeus Black rat.—Seven specimens were taken from two 
of farm buildings four miles north of Hanging Rock, Hampshire County, on July 9, 1949 

Rattus rattus alexandrinus (Geoffroy toof rat.—Three specimens were secured from 
a granary four miles north of Hanging Rock, Hampshire County, on July 9, 1949 (Barbour 
1950a 

Zapus h. hudsonius (Zimmermann). Meadow jumping mouse.—We have a single speci 
men taken August 13, 1949, from a fencerow about one-fourth mile east of Oglebay Park, 
Ohio County 

Napaeozapus insignis roanensis (Preble Woodland jumping mouse.—Brooks (1929 
listed one specimen of Napaeozapus i. insignis from Oglebay Park, Ohio County. I have ex- 
amined this specimen, an adult male taken January 28, 1929, by E. G. Hickman. It agrees 
in coloration with a series of insignis from New York 
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My four specimens from Ogle 





Park were taken in August, 1949. All agree with the 


characters of roanensis, and are inseparable from a series of roanensis from Harlan County, 


Kentucky 








Sylvilagus floridanus mearnsi (Allen Eastern cottontail—Two specimens, agreeing 
with the characters of mearnsi. were taken in Ovlebay . Ohio Count 
Odocoileus virginianus (Boddaert Whitetail deer This species has been observed 


occasionally in Oglebay Park, Ohio County 
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Young, J. Z. Tue Lire or Verresrates. London: Oxford University Press, 776 pp. 
1950 


To cover so broad a field in one book is a courageous undertaking, but this author de- 
serves high praise for what he has done. As a text book, fora course in vertebrate zoology, it 
will serve a useful purpose. In his preface the author states that he has attempted to give 

combined account of the embryology, anatomy, physiology, biochemistry, paleontology, 
and ecology of all vertebrates. Professor Young has shown good judgment in the treat- 
ment he has given the diversity of topics he has chosen in the limited space allotted to him 

The readers of this journal will be interested mainly in his discussion of mammals both 
living and extinct. The author has followed the classification of Simpson in a very abbrevi 


ated form, but the result makes stimulating reading and should give the student the essen- 





ion on which to broaden his knowledzge of the subject The author states in his 


1e space allotted is quite inadequate for the purpose of treating the structure, 


preface that t 
function, and development of mammals and that he intends to supplement this part with 


another volume. This will be a welcome supplement as there is great need for a modern 


text book to take the place of those of Flower & Lydekker, Weber, and Beddard. The be 


ginning student, however, will have in Mr. Young’s book a very good outline of these older 


texts brought up to date 
\ few minor errors were noted: On page 619, the author speaks of the incisor teeth of 


rodents having enamel only on their interior surface. This should read ‘‘anterior.’’ Two 
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statements on pages 622 and 624 regarding the infraorbital canal of hystricomorph rodents 


are contradictory and correctly stated only one page 624 


It would be more exact to state 
on page 622 that in the hystricomorphs the infraorbital foramen is much enlarged for muscle 
transmission except in the Bathyergidae. On page 699 the statement that both even and 
odd toed ungulates d »velop fn postorbital 


| bar is somewhat misleading as there is none in 
the pigs.—Wiuu1aMm P. Harris, Jr. 
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DASMANN, WILLIAM P Basic deer management. California Fish & Game. San Francisco, 
vol. 36, no. 3, pp. 251-284, illu Julv 10. 1950 

Davil 1d supply of the mesonephros of the sheep. Proc. Zool. Soc. London, 


pt. 1, pp. 95-112, figs. 5, pls. 2. May 16, 1950 





DAVIE V. Davies. The development of the mesonephros of the sheep. Proc. 
Lendon, vol. 120, pt. 1, pp. 73-93, figs. 5, pls. 3. May 16, 1950 

DAVI Notes on the status of tl American grey squi Sciturus carolinensis 
lin) in the south-western Cape (South Africa Zool. Soc. London, 

vol. 120, pt. 2, pp. 265-268, fig. 1. August 30, 1950 
De Buen, FERNANDO. Algunos observaciones sobre los lobos marinos de la costa uruguaya. 
tev. Soc. Mexicana Hist. Nat., Mexico, vol. 8, nos. 1-4, pp. 221-227, illus. 1948. 
Decerisy, J. I Les artéres du bulbe et de la protubérance chez certains singes 
du Nouveau Monde (Genres Ateles, Lagothriz, Eriodes). Bull. Mus. Nat. Hist 

Nat., Paris, vol. 22, no. 4, pp. 431-437. June, 1950 


27, 


DENMEAD, TatsoTr. Let’s plant nutrias. Maryland Conservationist, Baltimore, vol 


no. 2, pp. 15, 27. Summer, 1950 





Dice, Lee R., anp SHerMAN A. Hos.ert ariation in the spontaneous activity 
of Peromyscus, as shown by recor wheels. Contrib. Lab. Vert. Biol., Univ. 
Michigan, Ann Arbor, no. 47, pp. 18. September, 1950 

ECKERMANN, H. von. Erfarenheter fran en radjurs kennel. Svensk Jakt, Stockholm, vol. 
88, no. 8, pp. 182-187, illus. August 18, 1950 

DERS, Ropert K., anp Wiii1am Lioyp Merritts. Mink production in relation to 
stilbestrol. Fur of Canada, Winnipeg, vol. 15, no. 11, p. 11. August, 1950 
ERRINGTON, Pau L. Ecology of the muskrat. Quart. Rept. Iowa Coop. Wildlife Research 





Unit, vol. 15, no. 4, pp. 23-33 il-June, 1950 
Ewer, R.F. Whales. New Biology, Penguin Books, London, no. 2, pp. 53-73, illus. 1947 
Fe.tten, H. Wenig bekannte Siugtiere unserer Heimat: Die Zwergmaus. Natur & Volk, 
1. 80, nos. 7-8, pp. 248-251, illus. August 30, 1950 


Frankfurt am Main, vol [ 


its of a California deer herd. Cali- 





FERREL, CAROL M., aNnD Howarp R.Leacu. Food ha 
fornia Fish & Game, San Francisco, vol. 36, no. 3, pp. 235-240. July 10, 1950. 

FIELDS, KATHERINI Lemmings are on the march to the sea. Our Dumb Animals, Plym- 
outh, vol. 83, no. 5, p. 138. May, 1950 

Fintayson, H. H Notes on the cranial and dental characters of a specimen of Rhinoceros 

sondaicus Desm. Proc. Zool. Soc. London, vol. 120, pt. 1, pp. 151-154 May 16, 


1950 

Fisner, H. D The harbor seals (Phoca vitulina chardii) on the Skeena River, B. C. 
Prog. Rept. Pacific Biol. Station, Nanaimo, no. 72, pp. 36-40. 1947 

} RANKFORTER, W D The Pleistocene geology of the middle portion of the Elkhorn River 
Valley. Univ. Nebraska Studies, Lincoln, n.s., no. 5, pp. 46, figs. 15, 1 map. 
July, 1950. (Lists fossil mammals 

FRIANT, MADELEINE. Recherches sur le télencéphale des Rhinoceridae. Proc. Zool. Soc. 
London, vol. 120, pt. 2, pp. 337-347, figs. 10. August 30, 1950 

Futter, W. A. Hunting wood buffalo. Blue Jay, Saskatchewan, vol. 6, pp. 6-7. 1947. 
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GaLeE, Larry R. Wildlife kill on highways of State increase. Kentucky Happy Hunting 
Ground, Frankfort, vol. 6, no. 3, pp. 5, 7. May, 1950. 

Ga.e, Larry R. Kentucky’s fur yield almost million dollars for 12 months. Kentucky 
Happy Hunting Ground, Frankfort, vol. 6, no. 4, p. 16, illus. July, 1950. 

Grpson-Hiti, C. A. A note on the mammals of Christmas Island. Bull. Raffles Mus 
Singapore, no. 18, pp. 166-167. October, 1947 


’ 


Gipson-HiLi, C. A. Bird and mammal type specimens formerly in the Raffles Museum 
collections. Bull. Raffles Mus., Singapore, no. 19, pp. 133-198. January, 1949. 
Of mammals, 99 transferred to British Museum, 14 believed lost 

GOPALAKRISHNA, A. Studies on the embryology of Microchiroptera, Part VI. Structure 
of the placenta in the Indian vampire bat, Lyroderma lyra lyra (Geoffroy 
(Megadermatidae). Proc. Nat. Inst. Sci. India, Delhi, vol. 16, no. 2, pp. 93-98, 
pl. 6. March-April, 1950 

GoruHAM, JOHN R. Botulism in mink. Fur of Canada, Winnipeg, vol. 15, no. 9, pp. 9-10, 
illus. June, 1950 

GorHAM, JOHN R. The cause and prevention of botulism in mink. Black Fox Mag. & 
Modern Mink Breeder, New York, vol. 34, no. 2, pp. 10, 22-23. June, 1950 

GoruaM, Joun R. Tularemia kills mink too. Amer. Fur Breeder, Duluth, vol. 23, no. 1, 
p. 15. July, 1950 


Gos.in, Roperr M. Animal remains from a prehistoric Ohio Indian site. Bull. Ohio 


1 
K 


Indian Relic Collectors Society, Columbus, no. 25, pp. 16-22 (mimeographed 
September, 1950 

GRAHAME, ARTHUR. How to get more rabbits. West Virginia Conserv 
14 yp. 15-17, 29-30. May, 1950 


if, ho. 24 I 
GranBerc, W. J. A writer goes whaling. Frontiers, Philadelphia, vol. 14, no. 5, pp. 143 





150, illus. June, 1950 

GRASSE, JAMES | Trapping the moose, Wyoming Wild Life, Cheyenne, vol. 14, no. 5 
pp. 12-18, 36, 38, illus. June, 1950 

GUETTINGER, R. C Deer management research. Wisconsin Wildlife Research, Madison, 
vol. 9, no. 2, pp. 6-21. July, 1950 

CGJUNVALSON, VERNON |] What about the deer season? Conserv. Volunteer, St. Paul, vo 
13, no. 76, pp. 1-6, May-June, 1950. 

HAGLUND, BERTII De n) kttiderna. Svensk Jakt, Stockholm, vol. 88, no. 7, pp. 161 


162. July, 1950 

Have, James B. Is it coyote or dog? Wisconsin Conserv. Bull., Madison, vol. 17, no. 7, 
pp. 16-17. July, 1950 

HANDLI CuHar_es O., Jr. Game mammals of Guatemala. Special Sci. Rept. Wildlife, 
U. 8. Fish and Wildlife Service, Washington, no. 5, pp. 141-162. June, 1950 

HARGRAVE, CHarLes W. The beaver in North Dakota. North Dakota Outdoors, Bis 
marck, vol. 13, no. 3 pp 1-5, illus September, 1950 

Harris, Lorin E., anp Joun K. Loositr. Thiamine requirement of mature silver foxes 
Nat. Fur News, Denver, vol. 22, no. 4, pp. 11, 19. May, 1950 

Harrison, J. L., anp H. C. Woopvi1u1 Notes on the feeding habits of house-rats i 
Rangoon, Burma. Ann. Applied Biol., London, vol. 37, no. 2, pp. 296-304, illus 
June, 1950 


Harrisson, Tom. Squirrel 


ls from the Kelabit Uplands. Sarawak Mus. Jour., Kuching, vol 
5. no. 2. pp 297-299 September: 1950 

HARWELL, EDALEI Gorilla notes. Part 5. San Diego Zoonooz, vol. 23, no. 7, pp. 3-5 
illus. July, 1950 

HaYMA) R. W Two new African squirrels Ann. & Mag Nat Hist . London, ser. 12, 
vol. 3, no. 27, pp. 262-264. March, 1950. (New: Heliosciurus (Aethosciurus) cooper 
Parazerus vincent 

Hayman, R. W., anpv D. L. Harrison. Notes on some mammals newly recorded from 
Arabia. Ann. & Mag. Nat. Hist., London, ser. 12, vol. 3, no. 29, pp. 417-419. 
May, 1950 
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Hayman, R. W., anv T. 8S. Jones. A note on pattern variation in the vespertilionid bat 
Glauconycteris poensis (Gray). Ann. & Mag. Nat. Hist., London, ser. 12, vol. 3 


no. 33, pp. 761-763. September, 1950 


’ 


Hayne, Don W. Reliability of laboratory-bred stocks as samples of wild populations, as 
shown in a study of the variation of Peromyscus polionotus in parts of Florida 
and Alabama. Contrib. Lab. Vert. Biol. Univ. Michigan, Ann Arbor, no. 46, 
pp. 56, illus. May, 1950 

HERMANN, JaAcK A. The mammals of the Stockton Plateau of northeastern Terrell County, 
Texas. Texas Jour. Sci., San Marcos. vol. 2. no. 3. pp 368-393, illus September 
30, 1950 


HipBARD, CLauDE W. Techniques of collecting microvertebrate fossils. Contri 





b. Mus 
Paleontol. Univ. Michigan, Ann Arbor, vol. 8, no. 2, pp. 7-19, pls. 4. October 
20, 1949 


Hi L, W. ¢ OsMAN The iliment LI syste! vf the ingw intibo Arctocebus c. calabarensis 
Smith). Proc. Zool. Soc. London, vol. 120, pt. 1, pp. 49-72, figs. 5, pls. 3. May 
16, 1950 

Hitt, W. C. Osman, anp L. Harrison Marruev Supplementary note on the mal 
external genitalia of Gorilla. Pr Zool. Soc. London, vol. 120, pt. 2, pp. 311-316 


figs 3 pl 1. August 30. 1950 
Hosss, Witu1am Hersert. The Pleistocene history of the Mississippi River. Science, 


Lancaster, vol. 111, no. 2880, pp. 260-262. March 10, 1950 


Hopce, WALTER Henrickxs. Golden fleece of the Andes. Nat. Hist., New York, vol. 59. 
no. 5, pp. 200-207, illus. Ma 195 Vicufia 

Hoop, Mary \ When doe marmot go to be Yo te Nat. Notes, vol. 29, no. 7, p 
67. Ju 1950 

HooGsTRAAL, HARRY Deamer tl emur. Anin K m, New York, vol. 53, no. 4, 





pp. 102-109, illus. July-August, 1950 


HoolyER D ‘ Pleis ocene vertebrates tror Celebe S [\ 4rchidiskodon celebens no 
spec. Zool. Mededel. Rijksmus. Nat. Hist. Leiden, vol. 30, no. 14 pp. 205-226 
pls. 8-9, illus. April 6, 1949 (New: Archid lon celebens 


Hoover. D. A A furt} note on the canines of Celebochoer Zool. Mededel. Ri mus 


Nat. Hist. Leiden, vol. 30, no. 2 307-308, 1 16. June 10, 1950 

Hoven, JEAN Rinerer. The auditory region in some members of the Procyonida 
Canidae, Ursidae. Bull. Amer. Mus. Nat. Hist., New York, vol. 92, no. 2, py 
67-118. 1948 

H SI RAPFAEI Las zorras de Chile o chacales americanos. Rev. Universitaria. Ar ~ 
Acad. Chilena Ciencias Nat., Santiago, afio 34, no. 1, pp. 33-56. 1949 

Hunt, H. R., anno C. A. Hopper The distribution of carious cavities in the lower molars 
of caries-susceptible and caries-resistant albino rats (Rattus norvegicus). Jou 
Der Research, St. Louis, vol. 29, no. 2, pp. 157-164. April, 1950 

JELLISON, WILLIAM | Haplomycosis in Montana rabbits, rodents, and carnivores. U.S 


Publ. Health Repts., Washington, vol. 65, no. 33 pp. 1057-1063. August 18, 1950 
JELLISON, W. L., Deang C. Epier, Epira Kvuuns, anp Guen M. Konts. Tularemia in 
n from a domestic rural water suppl U.§8. Public Health Repts., Washing 


ton, vol. 65, no. 38, pp. 1219-1226. September 22, 1950 

JONI Frep L. A survey of the Sierra Nevada bighorn. Sierra Club Bull.. B 
vol. 35, no. 6, pp. 29-76, illus. June, 1950 

JONI FRED | Recent records of the wolverine (Gulo luscus luteus) in Californ Cali 
fornia Fish & Game, San Francis« vol. 36, no. 3, pp. 320-322, illus. July 10 
1950 

JONES, GARDINER | \ preliminary report on an endourethral cast in beaver. Murrelet, 
Seattle, vol. 31, no. 1, 1 15. Ma 19. 1950 

JunceE,G.C.A. Onaspecimen of the rare fin whale, Balaenoptera edeni Anderson, stranded 
on Pulu Sugi near Singapore. Zé Verhandel. Rijksmus. Nat. Hist. Leiden, no 
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Kates, Ovavi. Zur Periodizitét im Massenwechsel Arktisch-Hohboreales Kleinnager. 
Soc. Zool. Bot. Fennicae ‘‘Vananco.’’, Helsinki, vol. 3, pp. 169-178. November 
30, 1949, 

Kitcuinc, J. W. A new species of Hippopotamus from Potgietersrust. South African 
Jour. Sci., Johannesburg, vol. 47, no. 7, pp. 209-211. February, 1951 lew 
Hippopotamus makapanensis 

Kuiaas, Cart. Utersuchungsergebnisse von Waldkauz-Gervollen. Natur & Volk, Frank 
furt am Main, vol. 80, nos. 7-8, pp. 240-246, illus. August 30, 1950. (Mammalian 
remains in owl pellets 

Kretrzor, M Osemlésmaradvanyok Betfiarol. Féldtani Kézlény, Budapest, vol. 71, nos 
7-12, pp. 235-261. July-December, 1941. (New: Pitymys hintoni, Pliogalus toth 

Krerzo1, M. Eomellivora vom Polgardi und Csakvar. Féldtani Kézlény, Budapest, \ 
72, nos. 4-12, pp. 318-323. April-December, 1942. (New: Eomellivora hunga 
altera) 

Kretzor1, M. Priokkupierte und durch fltere zu ersetzende Siugetiernamen. Féldtani 
Kézlény, Budapest, vol. 72, nos. 4-12, pp. 345-349. April-December, 1942. (New 
Capra libanotica, C. adametzi, C. a. aegaeica, Stephanorhinus, Mustela lutreola 
ehiki, M. vasarhelyii, Canis spelaeoides 

Kretzo1, M. New names for mammals. Ann. Hist. Nat. Mus. Nat. Hungarici, Budapest 
vol. 40, no. 6, pp. 285-287. 1947. (New: Pocockictis, Scaptogale, Martes vetus, 
Spelaeus spelaeus borrissiaki, Viretius, Axis sunda, Thos aureus ecsedensis 

Knicut, Ricnarp H. Bat ‘radar.’ New Biology, Penguin Books, London, no. 2, pp. 116 
120. 147 

Lantis, Marcaret. The reindeer industry in Alaska. Arctic, Montreal, vol. 3, no. 1, pp. 
27-44, illus. April, 1950 

Lawson, HELEN, AND Britt Lawson. Mammal tracks and facts. Beaver, black bear. Ohio 
Conserv. Bull., Columbus, vol. 14, no. 4, pp. 20-21, illus. May, 1950. 

Link, VERNON B. Plague epizootic in cottontail rabbits. U. 8. Publ. Health Repts., 
Washington, vol. 65, mo. 21, p. 696. May 26, 1950 

MacponaLp, J. R. A note on the age of the Truckee formation. Amer. Jour. Sci., New 
Haven, vol. 248, pp. 581-583. August, 1950 

Mace, Don L., R. L. Orr, anp F.8. Cortez. Evidence of the presence of equine encephalo 

myelitic virus in Philippine animals. Bull. U. 8. Army Med. Dept., Washington 

vol. 9, no. 6, pp. 504-507. June, 1949 

, GuILLERMO. Succién de sangre por Desmodus. Investigaciones Zool. Chilenas, 

Santiago, fasc. 1, pp. 7-8, illus. July, 1950 

Mann F., GuiLttermo. Nuevos mamiferos de Tarapaca. Investigaciones Zool. Chilenas, 
Santiago, fasc. 2, pp. 4-6. December, 1950 

Marsu, At. September breeder squirrel kill high. Tennessee Conservationist, Nashville, 
vol. 15, no. 4, pp. 10-12, illus. July, 1950 

Matruews, L. Harrison. La dentition de lait chez Nyctalus leisleri (Kiihl). Mammalia 
Paris, vol. 14, nos. 1-2, pp. 11-13, illus. March-June, 1950 

McDoweE Lt, Ropert D. Pennsylvania’s deer problem. Pennsylvania Game News, Harris 


MANN F 


burg, sp issue no. 1, pp 1-40, illus September, 1950 
McKean, Wititiam T. 1950 summer antelope census. North Dakota Outdoors 
vol. 13, no. 3, p. 12. September, 1950 


, Bismarck, 


Monures, F. P. Aus dem Leben unserer Fledermiuse. Kosmos, Stuttgart, vol. 46, no. 7 
pp. 291-295. July, 1950 

Moures, Franz Peter. Zur Orientierung der Fledermiuse. Natur & Volk, Frankfurt am 
Main, vol. 80, nos. 5-6, pp. 153-161, illus. June 30, 1950 

Morates-Acacino, E. Notes sur les phoques-moines (Monachus monachus Herm.) du 


’ 


littoral saharien espagnol. Mammalia, Paris, vol. 14, nos. 1-2, pp. 1-6, pls. 2 
March-June, 1950 
Mossman, H. W., anv Inse Jupas. Accessory corpora lutea, lutein cells, origin, and the 





ny 
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ovarian cycle in the Canadian poreupine. Amer. Jour. Anat., Philadelphia, vol. 
85, no. 1, pp. 1-39, illus. 1949 
Munro, J. A. The birds and mammals of the Creston region, British Columbia. Occas 
Pay pp. 1-90, figs. 16. August, 1950 
Murig, Otaus J. Dog ypol. Papers Amer. Mus. Nat. Hist 
New Yorl 


ers Brit 





Murpuy, Ropert CusHMAN. Reminiscences of Professor Osborn. Sci. Monthly, Lancaster, 
vol. 70, no. 5, 322. May, 1950 


NAKAMURA, MITsURI 
Jackson Hol 


of Pasteurella tulare infection in the animals of the 


ologica, New York, vol. 35, pt. 2, no. 9, pp. 129-131. August 








1950 

} yLSON, H. P., anp M. H. Verrer A ] | ti capturing small mammal! ith 
their ectoparasites. Jour. Paras Lancaster, vol. 36, no. 3, pp. 235-237, illus 
June, 1950 

D P. L. Ecologie des pipistrelles. Une intéressante population observée en Loire 


Inférieure. Mammalia, Paris, ' 14, nos. 1-2, pp. 29-36. March—June, 1950 
NISHI KI, MASAHARI Determination of the Antarctic blue and fin whales by the 





colour changes in crystalline lens. § Repts. Whales Research Inst., Tokyo 
10. 4, pp. 115-161. August, 1950 

} AKI, M HAI Age cl cteris en plates. Sci. Rey Whales Re 

ch I Tol } pI 62-183. 1] 1950 

N } Ma IAR On the dy weigl Repts. Whale tesearch 
Ir Tol I 1, pp. 184-209. Aug 

O W LIFE RESEAI [ K O} é 3 er notes. O| Conserv 
Bul Colur is { 5. pp. 27-28. M 1050 

O \ ( Ji Ground s 1 lar) predators up union 
eggs. California | &G San ] 6, no. 3, pp. 323-327, illus 
Ii 10. 1950 

O Ax Al ge hskogen. S sk J St I 1. 88. no. 9, pp. 208-213. illu 
Se tem} 15. 1950 

O yN, VIKING Ejdern, krakan och tru gra synpunkter pa et iktigt skargards 
problem. Svensk Jakt, Stockhol 88 5, pp. 108-113, illus. May, 1950 

0 Hipgeo. On the body weight « nd sei whales located in the ad 
wate yf Japan. Sci. Repts. WI R ch Inst lokyo, no. 4, pp. 1-13 
August, 1950 

O HIDEO Diatom infe« I blue and fir hales in the Antarcti haling \ 
the Ross Sea Area). Sci. Repts. Whales Research Inst., Tokyo, no. 4, pp. 14-26 


August, 1950 
OmurA, Hipro. Whales in the adjacent waters of Japan. S tepts. Whales R rch 


I 

Inst., Tokyo, no. 4, pp. 27-11 August, 1950 

Orr, Ropert 7 Rarity of the deep. Pacific Discovery, Berkeley, vol. 3, no. 6, py 5] 
llus. November-—December, 1950. (Mesoplodon stranded on California co: 

Or WING, A. I Life history of the deer mouse. Forestry Chronicle, Oshawa, \ 26 
no. 2, pp. 115-126, illus. June, 1950 

P PERSON, BRYA) Early Cretaceous mammals from northern Texas. Amer. Jour. S« 
New Haven, vol. 249, no. 1, pp. 31-46, illus. January, 1951. (New: Astroconodor 
1. denisor 

PEARSON, JOSEPH A further note on the female urogenital system of Hypsiprymnodor 


moschatus (Marsupialia Pay & Pros toval Soc. Tasmania, 1949 pp. 203 210 


September 15. 1950 


Pearson, Josern. The relationships of the Potoroidae to the Macropodidae 


I I 


Marsu 
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pialia). Pap. & Proc. Royal Soc. Tasmania, 1949, pp. 211-229. September 15, 
1950 

Peck, Evsize D., AnD Paut B. Sawin. Morphogenetic studies of the rabbit. VIII. Geneti 
variation in the sternum as determined by the interaction of general and of 
regionally specific growth factors. Jour. Exper. Zool., Philadelphia, vol. 114 
no. 2, pp. 335-358. July, 1950 


PETERSON, RANDOLPH L. A new subspecies of moose from North America. Occas. Papers 
Roy. Ontario Mus. Zool . Toronto. no 9, pI 7. May 25. 1950 New: Alces a 


cana anderson 

Perripes, Georce A. The nutria comes to Texas. Texas Game & Fish, Austin, vol. 8 
no. 6, pp. 4-5, 27, illus. May, 1950. 

PutNnaM, Evvern F. Trapping bighorn sheep in Wyoming. Wyoming Wildlife, Cheyenne 

vol. 14, no. 8, pp. 12-15, illus. September, 1950 

RAINEY, Froeticu G. The whale hunters of Tigara. Anthropol. Papers Amer. Mus. Nat 
Hist., New York, vol. 41, pt. 2, pp. 231-283. 1947. (Northwest coast of Alaska 


RAMAKRISHNA, P.A. Post-partum oestrus in the Indian short-nosed fruit bat, Cynopt. 

p. 186. 1947 

RaMEL, Orro. Erfarenheter fran skansk rapphonsutslappning. Svensk Jakt, Stockholm 
», 158-160 July, 1950 


. 
, 
REDMOND, Howarp R. Squirrel survey and investigation. Mississippi Game & Fis] 


sphinx (Vahl Current Sci., Bangalore, vol. 16, no. 6 
vol. 88. no. 7 p 


Jackson, vol. 14, no. 3, pp. 3-4, 13. September, 1950 

LEWELL, R. I Outbreak of Shigella schmitzii infection in men and apes. Lancet, Londo: 
vol. 256, no. 6545, pp. 220-221. 1949 

tEYNOLDS, Hupson C telation of Merriam kangaroo rats to range vegetation in sout! 
ern Arizona. Ecology, Lancaster, vol. 31, no. 3, pp. 456-463. July, 1950 

Rocers, Epmunp B. Elk trapping in Yellowstone Park. Wyoming Wild Life, Cheyenn« 


vol. 14, no. 6, pp. 20-22, illus. July, 1950 


Rurr, Frev J. What is “‘black tongue’’ among deer? Wildlife in North Carolina, Raleigt 
vol. 14, no. 6, pp. 16-19, illus. June, 1950 
SANBORN, CoLin CAMPBELI Small rodents from Peru and Bolivia. Publ. Mus. Hist 


Nat. “Javier Prado,’’ Lima, ser. A, Zool., no. 5, pp. 1-16. August, 1950. (New 
Hesperomys lepidus montanus, Lenorus apical bo ae 





SANBORN, CoLIN CAMPBELI Two new mammals from southern Peru. Fieldiana, Zoolog: 
Chicago, vol. 31, n« 44, pp. 473-477, illus February 23. 195] New: Ca 
mysiops, ¢ ipta, Peropteryx kapple nterme i 

Scuerrer, Vicror B. Grizzly bear killed in Washington. Murrelet, Seattle, vol. 31,1 l, 
p. 15 Mav 19. 1950 

ScuEerrer, Victor Bb. Porpoises assembling in the North Pa Ocean. Murrelet, Seattle, 
vol. 31, no. 1, } 16, Ma 19, 1950 

Scuerrer, Vicror Bb. The food of the Alaska fur se U.S. Fish and Wildlife Service 
Wildlife Leaflet, no. 329, pp. 16, illus. June, 1950 

Scuerrer, Vicror B. Growth layers on the teeth of Pinnipedia as an indication of ag 
Science, vol. 112, no. 2907, pp. 309-311. September 15, 1950 

SCHEFFER, Vicror B., AND Forp WILKE. Validity of the subspecies Enhydra lutris nere 
the southern sea otter. Jour. Washington Acad. Sx vo 10, no. 8 pp 





August 16, 1950 
ScHREUDER, A. Microtinae from the Middle Gravels of Swanscombe. Ann. & Mag. Nat 


Hist., London, ser. 12, vol. 3, no. 31, pp. 629-635. July, 1950 


SHark, GI! Mating habits of white-tails. Hunting & Fishing in Canada, Montreal, vol 
13, no. 2, p. 18. 1947. (Deer 
SHARRITT, GRACE \ How many elk? Amer. Forests, Washington, vol. 56, no. 6, pp. 12-13, 


illus. June, 1950 
Simpson, GEorGE GAYLORD Menatotherium, Eocene mammal from France. Amer. Jour. 
Sci., New Haven, vol. 246, no. 3, pp. 165-170, fig. 1. 1948. 
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SKINNER, Curtis K. Problems of surplus elk in Yellowstone Park. Wyoming Wild Life, 


Ne) 


RUNT 


Cheyenne, vol. 14, no. 6, pp. 22-26. July, 1950 


-ENCER, DoNALD A. Porcupines, rambling pincushions. Nat. Geogr. Mag., Washington, 


vol. 98, no. 2, pp. 247-264, illus. August, 1950 


, ALEXANDER, JR. Mystery mammal—the Florida manatee. Audubon Mag., New 
York, vol. 51, no. 5, pp. 286-288, 337, illus. September—October, 1949. 

BrrcerR. Fabovallsjakt. Svensk Jakt, Stockholm, vol. 88, no. 9, pp. 204-206 
August 18, 1950 

Dayton. Extant New York State specimens of the Adirondack cougar. Cire 


New York State Mus., Albany, no. 25, pp. 1-34, illus. May, 1950. 


rr, Ken, Jk. Highboys. Nat. Hist., New York, vol. 59, no. 4, pp. 164-167, illus. April, 


1950 Giraffe 


tT, Ken, Jk. A is for apes. San Diego Zoonooz, vol. 23, no. 6, pp. 3-5, illus. June, 1950 


Anthropoids 


VALL, J. Wiis, AND Witu1AM N. McAnutry. The vertebrate fauna and geologic age 
of Trinity River terraces in Henderson County, Texas. Amer. Midland Nat 
Notre Dame, vol. 44, no. 1, pp. 211-250, pls. 2. July, 1950 
ROTHEI RoBER Rabbits, rabbits and rappdit Nature Mag Wa hington, vol. 43, no 
6, pp. 314-316, 331, illus. June—Ju 1950 
{ALAINEN, Esko The raccoon dog, Nyctereutes procyonoides Gray (Canidae) found 
in Finl and Are I ivum soc Ze ) Bot eni if ‘‘Vanamo’’ Helsinki vol 5 
no. 1, pp. 20-22. Sey ber, 1950 
\RTHUR p Ear. J ARRISON AY normall olored Townsend chipmunk 
Murrelet, Seattle slr l, pp. 9-11, illu May 19, 1950 
y, MANLEY Moose of the Susit: Ala S tsman, Ketchikan, vol. 16, no. 9 
pp. 10-11, 24-28 5 f c dot 
M. W. I Frederick Nutter Cl n. Bull. Raffles Mus., Singapore, no. 18, py 
170-176. October, 1947. (Obitu grap! . 
I H G Che n W \ ( Charl , 1. 14. no 
5, pp. 13-16, illus. Aug 1950 


I 7-10. Marech-—Ju 1950 
nr Hor ec. 3 ' ) t n EKlephantulus. South Africar 
Jou Ss Jo I g 17 f 166. illu Janu 1951 
R K yc. & inctional components of the skull 
Arch. N laises Zo Leid ) s. | pp. 1-175. 1948 
rER, Lew! Fur chewing i hin N | Ne Denve1 1. 22. 1 8 
yp. 15, 32-33. Septembe 1950 
YI ( | The probien min | ( lian Jour. Ce np Med (Juebec 
vol. 13 12, pp. 320-321. 194! 
J L. Paci Pseudo-tuberculos I le singe. Compt. Rend. Soc. Biol 
| yl. 136 ) 5-14 183-484. Ju 1942 
HRISTI The marine mammals and the marine fauna in the Thule District 
northwest Greenland) with observations o ce conditions in 1939-41. Med 
delelser om Grgniand, Copenhags vol. 150, no. 6, pp. 116, illus. 1950 
) N \. HOOGERWER!I Java mne-horned rhil Nature M ig W ishington, 
‘ 13, no. 6, pp. 297-298, 332, il June—Ju 1950 
Lewis WaYN! Che fish ba P it Audubon Mag New Yorl ol. 52 
n », p 294-299 us. Septen Uctobe 195 
KAM Che tens ympani muscle « its. Ann. & Mag. Nat. Hist., London 
ser. 12, vo no. 33, pp. 811-812. September, 1950 
J.S. Some observations on the luction of Rattus ratt L. Proc. Zool 
Soc. London, vol. 120, p | 12. M 16, 1950 
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Wittemse, Marta C. A. The shifting of the molar row with regard to the orbit in Equus 
and Giraffa. Zool. Mededel. Rijksmus. Nat. Hist. Leiden, vol. 30, no. 23, pp 
311-326. June 17, 1950. 

Wortn, C. Brooke. Observations on ectoparasites of some small mammals in Everglades 
National Park and Hillsborough County, Florida. Jour. Parasitol., Lancaster. 
vol. 36, no. 4, pp. 326-335, illus. August, 1950. 

Wrieart, Patuip L., anp Crinton H. Conaway. Golden-mantled marmot in northwestern 
Montana. Murrelet, Seattle, vol. 31, no. 2, p. 32. August 31, 1950. 

Wyominec GAME AND Fish Commission. The 1949 big game harvest. Wyoming Wild Life, 
Cheyenne, vol. 14, no. 8, pp. 4-11, illus. September, 1950. 

Yocom, Cuartes F. Fox squirrels in Asotin County, Washington. Murrelet, Seattle, vol. 
31, no. 2, p. 34. August 31, 1950. 

Yorrey, J. M. The mammalian lymphocyte. Biol. Reviews, London, vol. 25, no. 3, pp 
314-343. July, 1950. 

ZABINSKI, JAN [Eprror] Pedigree book of the European Bison. International Society for 
the Protection of the European Bison, Warsaw, pp. 33-52, pls. 9-20. 1949. 

Zaki, R. Brucella abortus infection among buffaloes in Egypt. Jour. Comp. Path. & 
Therap., London, vol. 58, no. 1, pp. 73-79. 1948. 

Zaki, R. Brucella infection among ewes, camels and pigs in Egypt. Jour. Comp. Path. & 
Therap., London, vol. 58, no. 2, pp. 145-151. 1948 

ZaLEsky, Karu. Die Waldspitzmaus (Sorer araneus L.) in ihrer Beziehung zur Form 
tetragonurus Herm. in Nord- und Mitteleuropa. Sitzber. Osterreichische Akad. 
Wissensch., Math.-Natur. KI., Vienna, Abt. I, vol. 157, nos. 6-10, pp. 129-185. 
1948 

ZANGERL, RAINER, AND Rospert H. Denison. Discovery of early Cretaceous mammals 
and frogs in Texas. Science, Lancaster, vol. 112, no. 2898, p. 61. July 14, 1950 

Zetty, Masorte. How to care for chinchilla babies. Black Fox Mag. & Modern Mink 
Breeder, New York, vol. 34, no. 2, pp. 11, 26-27, illus. June, 1950 

Zetry, Masorti Important tips on the care of chinchilla babies. Black Fox Mag. & 
Modern Mink Breeder, New York, vol. 34, no. 3, pp. 12, 23-24. July, 1950 


DATE OF ISSUE OF PREVIOUS NUMBER 
JOURNAL OF MAmMALOGY, Vol. 32, No. 2, was mailed May 21, 1951 
HAVAHART HUMANE ANIMAL TRAPS 


Live traps for SMALL MAMMALS, as well 
as those for mammals as large as a rac- 
coon, are now available from the Allcock 
Manufacturing Company, Ossining. New 
York. HAVAHART traps have been used 
successfully by many who have been do- 
ing live-trapping experiments on small 





mammals. A free booklet is yours for the 


asking. 
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rr mtr wn wh rarTT’ wlree rar 
rHIRTY-FIRST ANNUAL MEETING 

THIRTY-FIRST ANNUAL MEETING OF THE 
AMERICAN SOCIETY OF MAMMALOGISTS 
JUNE 26-30, 1951 
lhe thirty-first annual meeting of the American Society of Mammalogists held at 
tl Chicago Natural Histo Museum, Chica Tliz June 26 te ) 1951. Sessions were 
held in the James Simpson theatre of he Museu tl tri m June 30 to the Chicago 
7, ywical Par srookfield Zoo. A to of Of embers and guests registered 
The local committes I rrangements consisted of: Colin C. Sanborn, Cha 


an, D 





ght Davis, Howard K. Gloyd, and Karl P. Schmidt 


PROGRAM 


10:00 A.M 


Welcome. Colonel Clifford C. Gregg, Director, Chicago Natural History Museum 
Response. William J. Hamilton, } 


ce-pre Ler imerican Society of Mammalodists 
\ report on some vanishing mammals in Africa and Europe. Victor H. Cahalane, 
National Park Service, Washingtor KD) 
~ Progress in conservation in the Pacific region. Harold J Coolidge, Pac Ju Science Board, 
Washington, D. 
The effects of Pleistocene Lake Bonneville upon speciation of mammals in Utah. Stephen 
D. Durrant, University of Utah, Salt Lake City, Utah 


teport on the status of the lynx in Canada 1940-1950 
and Forests, Maple, Ontario. 


A. de Vos, Department of Lands 


2:00 P.M. 
Symposium on Predator-prey Relationship, Antoon de Vos, Chairman, 


Department of 
Lands and Forests, Maple, Onta 


0 


Introduction to the subject. A. de Vos 
Predation: A factor in dynami ecology. ( 


lifford C. Presnall, Fish and Wildlife Service 
W ashington,  ¢ 


! 


The northern wolf and its prey. A. M. Stebler, 
versily of Michigan, inn Arbor, Mich gan 

8. Timberwolf-white-tailed deer relationships. M 
Conservation, Ely, Minnesota. 

Home coyote-prey relationships 

Shre 


Laboratory of Vertebrate Biology, Uni- 


H. Stenlund, Minnesota Department of 


Edson Fichter, Idaho State Colle ge, Pocatello, Idaho. 
W predation and vole populations on localized area. W. Robert Eadie, Cornell 
University, Ithaca, New York. 


THURSDAY, JUNE 28 
9:00 A.M, 


Analysis of body proportions in canids. Milton Hildebrand, Division of Zoology, Uni- 
; y proj , g! 


versity of California, Davis, California. By title 
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) 


The vaculum and its taxonomic value in five species of chipmunks. John A. White, 


University of Kansas, Lawrence, Kansas 

Notes on the comparative ecology and geogr: phic range of Massachusetts cottontails 
Francis H Fay, ty of Va ach ssett i. in he a V assachusetts 

Data indicating forest rodent mortalities from brain infe 


of Illino 7? 


Univers 


tions with raccoon Asca 


; * 
bana, Illinoi 


larvae. Jack D. Tiner, University 


10:00 a.m 
Annual Business Meeting 
Election of Officers 
12:00 NOON 
Group Photograph 
2:00 P.M. 


Speciation and growth in the spotted cuscus, Phalanger maculatus. George H. H. Tate, 
American Museun of Natural History, New York. By title 

Mammal habitats in Cape York, Australia. Hobart M. V 
of Natural History, New York 


genus eithrodontomys) of Kansas. E. Lende 


Deusen, American M 


The harvest mice 
of Kansa 
Comparison of 


Michigan Agr. Exper. Stati 


ll Cockrum, Unive t 
Lawrence, Kansas 
three methods of controlling Mi l in orch: 


m, East Lansing, Micl 





rds Don W Hayne 


Reproduction of the Florida woodrat Neoto fl lana. W. J. Hamilton, Jr., C 
University, Ithaca, New } 

The genital system and the fetal membranes crite! yf relationship between n 
malian groups. H. W. Mossman, [ ty of Wi By tith 

Survival rates in the white-footed mou P — P. Snvde y 
é ty of Michigan, Ann Arb VU 

Prolongation of clotting time i es ting 1 \ Svihla, Depart 


The biolog rf th Arct groul 1 ( i Char] Wil 
J. Mu cl Saint I ] g ] vi By +] 
1:00 { 
\ Tea for the Ladies, Ro 523, 5 H 
6:30 
Annu Banque 
Museum ( I Cl g H ry Museu 

8:15 

Into Centr Australi Alfred M. B Der Museun tural Histor 


of ¢ D ( 
Abil of Pe ( hear ultraso! inds. | R. Dice, 7 te of Hur B 
[ f Vicl 1, / 
social organi ! ng! N. E. Collias and ¢ 
Unive ty of W 
d slop ent in Pero 8¢ r Arthur Svihla Depa tment 





; 
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28. Some seasonal histological changes in the reproductive organs of Ochotona princeps. 


Kenneth L. Duke, Duke University, Durham, North Carolina. 
11:00 a.m. 
Final Business Meeting 
2:00 p.m. 
29. Life history of the mongoose in Hawaii. Paul H. Baldwin, Colorado A. and M. College, 
Fort Collins, Colorado 


MOTION PICTURES 





30. Survival perilous, a story of the woodland caribou. Randolph L. Peterson, Royal On- 
tario Museum of Zoology, Toronto, Canada 
31. The social structure of dog colony in the Black Hills of South Dakota. John 


A. King, University of Michiga inn Arbor. Michigan 
R. Shadle and Robert D. Weigel, Biology Department, University 


39 Porcupettes Albert R i ‘ y 
of Buffalo, Buffalo, New York. 25 minutes 
33. Rare Hawaiian seal on Midway. Alfred M. Bailey, Der Vuseum of Natural History, 
Denver, Colorado 
Field studies of animal locomotion. D. Dwight Davis, ( l Natural History Museum, 
Chicago, Iilir 
6:30 M 
Buffet Supper and Smoker, Chicago Natural History Museum 
SATU! y, 2 : 
I Members of the Socis vere guests the Chicago Zoological Sox ety at the Brook- 


BUSINESS MEETINGS 





Tr} neeting the Board of Directors was called to ord by William J. Hamilton, Jr., 

\ side Presider cy I. Storer and \ nt Lee R. Dice were absent be- 
18 ess ! ssages of condolence were ser th. Lee S. Crandall was reelected 
Trus 1951-1954 and William H. Bu vas reelected Editor. Budgetary 
vr ti ert ide and the S ty’ emberships in the International 

U } rot on of Nature and tl Amer n Institute of Biological Sciences 
The annual business meeting on June 28 was attended by 46 members. The following 


officers were elected: William J. Hamilton, Jr., President: William H. Burt and William B 
Davis, Vice-presidents; Robert T. Orr, Recording Secretary; Donald F. Hoffmeister, Cor 


tanley P. Y 


vas elected to 


responding Secret rv: and Viola S Shantz Tre surer “ ung 
the vacated but unexpired term of William B. Davis. Director. 1950-1952. Directors for the 
h ited but unexpired term of William I I : 2 ! rs for th 
term 1951-1953 were elected as follows: Victor H. Cahalane, Emmet T Hooper, J. Kenneth 


Doutt, W. Robert Eadie, and Antoon de Vos 
It is with deep regret that the Society learned of the deaths of 8 members during 1950, 
hom were Charter (*) Members: t* Annie 


( Cross. * Frederic k M Dille + Albert 


two of whom were Life (¢) Members and three of 
M. Alexand 
J.B. Kirn, Glenn C. Rinker, * Chester Stock 


The year 1950 closed with a record hig! 


tudolf Bennitt, Kenneth Cook, | 





708 members and subscribers. There were 
130 nominees for membership, including one life membership, 26 resignations, 8 deaths, and 
30 dropped from the roles for being in arrears in dues for three years. The only lag during 
the year was in the category of life members. Members and nominees are urged to consider 


obtaining life memberships 
The By-laws were amended, by unanimous vote 
“Sec. 2. Any member upon payment of one hundred dollars at one time shall be entitled 


from the present w ording: Article VIII, 
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to life membership, and shall be exempt from membership dues.” to read, ‘‘Sec. 2. Any 
member upon payment of one hundred dollars at one time, or in four payments of twenty- 
five dollars in four consecutive years, shall be entitled to life membership, and shall be 
exempt from membership dues from the time of the initial payment.” 

Cost for printing the Journal of Mammalogy from 1946 through 1950 has increased 39 
per cent, and this more than offsets the 33 per cent increase in membership dues imposed 
in 1949. The desirability of lithoprinting or printing of the proposed 10-year index was 
discussed, but no decision was reached. 

The reports of the Corresponding Secretary, Recording Secretary, Treasurer, and Trus- 
tees, were read and accepted. Reports of the following committees were read and accepted: 
Conservation of Land Mammals (Ralph Palmer); Bibliography (David Johnson); Marine 
Mammals (Robert Orr) ; Economic Mammalogy (E. R. Hall) ; Nomenclature (E. T. Hooper); 
Membership (A. R. Shadle) ; Editorial (W. H. Burt); Index (V. 8S. Schantz); Means of En 
couraging Young Mammalogists (David Davis); Dues Status of Retired Mammalogists (A 
R. Shadle). Reports of representatives to other societies were presented. 

The Corresponding Secretary submitted the following summary of memberships, sub 
scriptions, and mailing for the year ending December 31, 1950 


SUMMARY OF MEMBERSHIPS AND SUBSCRIPTIONS FOR 1949 AND 1950 


MEMBERSHI! 1949 195( 
Changes since preceding annual report 
Nominees 169 130 
tesignations 27 26 
Deaths reported i6 8 
Members dropped (delinquent) 18 30 
Total 61 64 
Net Change 1-108 +66 
Status as of December 31 
Honorary members 3 3 
Life members 49 48 
Annual members 1180 1247 
Total membership 1232 1298 


SUBSCRIPTION 
Changes since preceding report 
New subscriptions 44 45 
Subscriptions cancelled 31 18 
Net change 


Status as of December 31 
Total paid subscriptions 383 410 
MAILine Lis1 


Total membership 1232 1298 
Members not receiving Journal 129 126 
Total members receiving Journal 1103 1172 
Total paid subscriptions 383 410 
Total mailing list 1486 1582 


Net change from preceding year +118 +-96 
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FINAL BUSINESS MEETING 


The final business meeting held June 29 was attended by 43 members. For distinguished 
services to mammalogy, two persons were unanimously elected to honorary membership: 
A. Brazier Howell and T. 8. Palmer 

The following recommendation was adopted by the Society: 

In order to encourage young mammalogists and to stimulate research, the Amer- 
ican Society of Mammalogists will provide honoraria so that young students 
may attend the annual meeting. 

Each year the Society will make an appropriation not to exceed $200 for this 
purpose. 

The funds shall be awarded by a committee of three, appointed annually by the 
president of the Society, to as many young mammalogists as circumstances 
permit. 

The award need not be given unless a worthy candidate is available. 

Each honorarium shall amount to $50 

The recipient(s) shall be notified at least one month before the meeting and shall 
then receive the funds. 

The award shall be made on the basis of a papar submitted to the committee for 
presentation by the candidate at the annual meeting. 

The following recommendation was adopted by the Society: 


That a new grade, Emeritus Membe rship, hereby be established 


That upon their request, individuals who have been for twenty-five (25) years 
members in good standing of the American Society of Mammalogists, shall be 
eligible for such Emeritus Membership 
That when a member is eligible for Emeritus Membership, and is in arrears for 
dues, the Corresponding Secretary shall notify the member, indicating that it is 
necessary for him to request such change in his membership rank. 
Emeritus Membership will not carry with it (a) the right to vote, nor (b) the 
right to receive the Journal free. 
At each annual meeting, the Corresponding Secretary shall report to the Board 
of Directors, for their approval, the names of the members who are to be added 
to the Emeritus Membership List. 
That if any changes in By-laws are necessary, immediate steps be taken to ex- 
pedite the activation of this report, and its recommendations 
The foliowing resolutions were unanimously passed 
Whereas the Chicago Natural History Museum, its entire staff, and the chairman and mem- 
bers of the local committee, particularly Colin C. Sanborn, and 
Whereas the Chicago Zoological Society, particularly Robert Bean, have provided arrange- 
ments, facilities, and entertainment which have contributed greatly to the success of the 
Thirty-first Annual Meeting of this Society and of the attending members. 
Therefore be it resolved that the American Society of Mammalogists extends to the Chicago 
Natural History Museum, the Chicago Zoological Society, and the local committee its 


sincere thanks and hearty appreciation. 

Whereas a proper utilization of wildlife resources is of considerable importance to human 
populations, and 

Whereas the survival of wildlife at reasonable population levels is closely tied up with a 
land-use system based on sound ecological principles, and 

Whereas with augmenting human populations, increased distortions are noticeable in the 
dynamic balance between predators and their prey, and predator control has become neces- 
sary under certain conditions, and 

Whereas there is need for more emphasis upon studies of the impact of man’s modification 
of ecological conditions upon wildlife conditions, 

Therefore, be it resolved by the American Society of Mammalogists in annual convention at 
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Chicago, Illinois, on June 29, 1951, that the Society will approach universities and other 
institutions dealing with wildlife conservation, will encourage them to arrange for more 
research work on those phases of animal ecology related to man’s activities, and will request 
them to suggest what steps might be taken in that direction. 


Whereas the American Military Government in the American Zone of occupied Germany 
allows exploitation of wildlife, with few minor restrictions, by occupation personnel without 
regard to ownership, lease, or other property rights in wildlife—in effect, a policy of no 
licenses and no bag limits, and 

Whereas those in authority have not heeded conservation proposals in this regard from 
informed groups in Europe. 

Therefore, be it resolved that the American Society of Mammalogists at its Thirty-first 
Annual Meeting expresses strong disapproval of this policy of unlimited exploitations and 
urges that it be rescinded immediately. 











Observations on Pregnancy, Parturition, and Postnatal Behavior in the | 
Bottlenose Dolphin Arthur F. McBride and Henry Kriteler 251, 


The Whitetail Deer of Tomhegan Camps, Maine, with Added Notes on —% 
Fecundity .Ralph 8. Palmer 267, 


Notes on the Ecology of Weasels in Gunnison County, Colorado ; 
Horace F.. Quick. 281, 


Coyote Food Habits on a Southwestern Cattle Range....... Adolph Murie 291 

Notes on the Red Fox (Vulpes fulva) in Missouri .....Harvey I. Fisher 296) 

Relation Between Low Temperature and Available Food to Survival of 
Walter E. Howard 


The Use of skull Measurements at the Subspecific Level in Mammalian 
Taxonomy, with Special Reference to Thomomys talpoides a 
C. A. Tryon, Jr. 3155 
A New Technique of Animal Census, with Examples D. A. Maclalich 318) 


A Review of the Status of Woodland Caribou (Rangifer caribou) in Ontario J 
A. de Vos and Randolph L. Peterson 329) 


Color Mutations in a Small, Partially Isolated Population of an gh ms 
(Geomys breviceps) arley 


Warm Weather Foods of the Raccoon in New York state 
. J. Hamilton, Jr. 341. 


Mammals of the Oregon Caves Area, Josephine fe .... Aryan I. Roest 345 
I MEM os at ny RW dive Sek s's es 


A New Jumping Mouse from the Upper Pliocene of Kansas 
Claude WW. Hibbard 351. 

A New Microtus from the Western Arctic of Canada I. McTaggart Cowan 358) 
Keeping British Shrews in Captivity. . Peter Crowcroft 3% 
Live-trapping British Shrews........ Peter Crowcroft 355" 
Observations on New England Bobcats : E. Michael Pollack pe 
Carnivorous Ground Squirrels on St. Lawrence Island, Alaska.... Tom Cade 3688 
Measurements and Weights of Northern Muskrats ....W A. Fuller & 
Zapus with White Tail-tip. . , A. W. Schorger 362" 
Breeding Record of the Coati Mundi i in 1 the Tnited States. .Wiliiam G. Reeder 362) 
Wisconsin’s First Prairie Spotted Skunk, and other Notes..Walter BE. Scott 38 ‘s 
Unusual Record of the Ocelot in Texas......... .W. B. Davis HF 
Mountain Lion in Arkansas. . ! John A. Sealander 
Alaska Fur Seals, Callorhinus ursinus, “Observed off San Francisco Bay, 

California ....@. D. Hanna 3 
Probable Record of the Beaked Whale, apie conirosiria:, in Baja,Cali- 

fornia.... .. Carl L. Hubbs 
Additions to the Fauna Of Santa Cruz Island, California, with Description 

of a new Subspecies of Reithrodontomys casa Oliver P. Pearson 4 
Notes on Mammals from West Virginia.................. Roger W. Barbour 38 








